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HIGH REFRACTIVE INDEX HYDROGEL COMPOSITIONS 
FOR OPHTHALMIC IMPLANTS 

FIELD OF THE INVENTION 

The present invention relates to novel ophthalmic lens materials and a 
method for making and using the same. More particutarfy, the present invention 
relates to soft, optically transparent, high refractive index hydrogei materials 
particularly suited for use in the production of intraocular lenses, and a method 
for manufacturing arxJ using the same. 

BACKGROUND OF THE INVE^fTION 

Since the 1940*$ optical devices in the form of intraocular lenses (lOLs) 
have t>een utilized as replacements for diseased or damaged natural ocular 
lenses, in most cases, an intraocular lens is implanted within an eye at the time 
of surgically removir)g the diseased or damaged natural lens, such as for 
example, in the case of cataracts. For decades, the prefen^ed material for 
fabricating such intraocular lenses was poly(methyl methacrylate), which is a 
rigid, glassy polymer. 

Softer, more flexible lOLs have gained in popularity in recent years due to 
their ability to be compressed, folded,. rolled or otherwise deformed. Such softer 
lOLs may be deformed prior to insertion thereof through an incision in the cornea 
of an eye. Following insertion of the lOL in an eye, the lOL returns to its original 
pre-defonrned shape due to the memory characteristics of the soft material. 



wo 00/34804 PCTAJS99/26678 

Softer, more fi. ^ble lOLs as just described may be implanteo into an eye 
through an incision that is much smaller, i.e., less than 4.0 mm, than that 
necessary for more rigid lOLs, i.e., 5.5 to 8.0 mm. A larger indsion is necessary 
for more rigid lOLs because the lens must be inserted through an indsion in the 
cornea slightly larger than the diameter of the inflexible lOL optic portion. 
Accordingly, more rigid lOLs have become less popular in the market since 
larger indsions have been found to be assodated with an increased incidence of 
postoperative complications, such as induced astigmatism. 

With recent advances In smail-lndslon cataract surgery, increased 
emphasis has been placed on developing soft, fold^le materials suitable for use 
in artifidal tOLs. In general, these materials fall into one of three categories: 
hydrogels, silicones and low glass transition temperature acrylics. 

In general, high water content hydrogel materials have relatively low 
refractive indexes, making them less desirable than other materials with respect 
to minimal indsion size. Low refractive index materials require a tNcker iOL 
optic portion to achieve a given refractive power. Silicone materials may have a 
higher refractive index than high-water content hydrogels. but terxl to unfold 
explosively after being placed in the eye in a folded position. Explosive unfblding 
can potentially damage the corneal endothelium and/or mpture the natural lens 
capsule and assodated zonules. Low glass transition temperature acrylic 
materials are desirable because they typically have a high refractive index and 
unfold more slosvly and more controllably than silicone materials. Unfortunately, 
low glass transition temperature acrylic materials, which contain little or no water 
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initially, may aDsort) pocketa of water in vivo causing light reflections or 
•glistenings'. FurthenrKw.rtia difficult to achio,^ ideal folding and unfold^ 
characteristics due to the temperature sensitivity of the acrylic polymers. 

U.S. Patent No. 5.480,950 issued January 2, 1 996 teaches 6f high 
refractive index hydrogel materials having a hydrated equilibrium water content of 
at least 57% for use in the manufacture of lOLs. The Wgh refractive index 
hydrogel materials are cross-linked polymers prepared from mixtures of 4|. 
vinylpyrrolidone. 4.vlnylpyrimidine and a vinyl pyridine having equilibrium water 
contents up to 90%andrefracUveindexesof1.560to 1.594 in the dry state. The 
lOLs as described are not implanted in a hydrated state. Rather, the lOLs are 
implanted in a dry. foWed and ek)ngated state and hydrated in situ. The 
refractive indexes in the hydrated state as used in the eye are not provided. 

U.S. Patent No. 5.693,095 issued December 2, 1997 teaches of high 
refractive Index, low water content lOL materials. The materials taught in this 
particular patent are acrylic materials having an elbngatkm of at least 150%. 
lOLs manufactured from a material having such elongation characteristics vwll not 
crack, tear or split when folded. However, such low water content acrylic 
materials have been found to be less biocompatible than higher water content 
hydrogel materials when manufactured into and used as lOL devices. 

SUMMARY OF THE INVENTION 

Soft, foldable hydrogel lens materials having relatively high water contents 
and unexpectedly high refractive indexes particulariy suited for use as intraocular 
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lenses (lOLs). ^ other ophthalmic devices such as but/iot Bmited to contact 
lenses, keratoprostheses and corneal rings or Inlays, have now been discovered. 
The sutyect hydrogel lens materials contain only two principal components: a 
high refractive index monomer that is usually hydrophobic but not necessarily so, 
and a hydrophilic monomer. The hydrogel materials of the present invention are 
copolymers comprising at least about 70% by weight of the two principal 
monomeric components whereby the hydrophilic monomer is present in an 
amount greater than that of the high refractive index monomer to maximize water 
content The remainder of the hydrogel material formulation comprises up to 
approximately 30% water, cross-linkers, initiators, UV absorbers and like 
additives. 

Accordingly. H is an object of the present invention to provide a 
biocompatit>le lOL material having a high refractive index. 

Another object of the present invention is to provide a hydrogel lOL 
material having a high refractive index 

Another otjject of the present invention is to provide a hydrogel lOL 
material that has a high refractive index and is ooloriess. 

Another object of the present invention is to provide a hydrogel lOL 
material that has a high refractive index and is ti'ansparent. 

Still another object of the present invention is to provkle a hydrogel lOL 
material that is relatively simple to manufacture. 
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These and other objectives and advantages of the present invention, 
some of which are specifically described and others that are not, will become 
apparent from the detailed description and claims that follow. 

DETAILED DESCRIPTION OF THE INVEIiTION 

The unique hydrogel materials of the present invention maximize both 
refractive index and water content for use in the manufacture of ophthalmic 
devices such as intraocular lenses (lOLs). Typical refractive indexes for acrylic 
polymers in the absence of water are on the order of 1 .48 to 1 .55, depending on 
the chemical structures of the monomer or comonomers comprising the material. 
Because the refiradive index of water is low. i.e.. 1.33. adding water to an aaylic 
polymer or copolymer decreases the refractive index of the hydrated material 
relative to the anhydrous polymer or copolymer. For this reason, the properties 
of refractive index and water content are inversely proportional. In the present 
invention, refractive index is maximized in the presence of water, by employing 
monomers that result in the highest refractive indexes in the absence of water. 
Monomers containing aryl groups, sulfur atoms or the halogens, crtorine. 
bromine and iodine form polymers having high refractive indexes. To maximize 
water content and refractive index in the present materials, a hydrophilic 
monomer is combined with a high refractive index comonomer. It is unexpected 
that such relatively high water content materials may be successfully synthesized 
to have high refractive indexes since water generally lowers, the ref^ve 
indexes of hydrogeis. 
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The presence of water in the materials of the present invention is 
desirable for two reasons. I.e., blocompatibllity and flexibility. The presence of 
water usually renders a material more biocompatible than a corresponding 
material having no water content Polymers containing some water are less 
prone to attach to living tissue. A water content of 25% or higher is most 
desirable to prevent the attachment and proliferation of lens epithelial cells on the 
lOL implant surface. Lower water content materials are acceptable for 
applications, such as phakic lOLs where the material will not be exposed to lens 
epithelial cells. Water also acts as an intenr^al plasUcizer. which makes the 
resulting material easier to fold or defonn over a broad range of temperatures. 

Materials of the present invention with high refractive indexes are also 
desirable to allow manufacturers to manufacture thinner lOLs. A thin lOL or thin 
lOL optic Is critical in enabling a surgeon to minimize indsion size. Keeping the 
surgical indsion size to a minimum reduces intraoperative trauma and 
postoperative complications. A thin lOL Is also critical for accommodating certain 
anatomtoal locations in the eye such as the anterior chamber and the dliary 
sulcus. lOLs may be placed in the anterior chamber for increasing visual acuity 
in both aphakic and phakic eyes and placed In the dliary sulcus for increasing 
visual acuity In phakic eyes. 

The prefe^ed hydrogel materials of the present Invention have the 
flexibility required to allow the same to be folded or deformed so that lOLs made 
therefrom may be introduced into an eye through the smallest possible Indsion. 
To achieve this flexibility charaderistic, the glass transition temperature (Tg) of 



6 



wo 00/34804 



PCTAJS99/26678 



the material is likewise of cx)nsiderable importance. A glass transition 
temperature of 20 degrees Celsius or less measured by differential scanning 
calorlmetry at 10 degrees Celsius per minute and determined at the midpoint of 
the transition of the heat flux curve, must be achieved in the sut>ject materials to 
be acceptable for purposes of desirable folding of the implant . It was 
unexpected that materials could be synthesized having the desired refractive 
index, water content and glass transition temperature because many high 
refractive index monomers have bulky side-chains which restrict chain mobility 
and drastically increase the overall glass transition temperature of the copolymer. 
As a general rule, aoylates produce polymers with lower glass transition 
temperatures than the con«spondlng methacrylates and are therefor preferred. 
As mentioned above, the water content of the subject materials also plays an 
. important role in the fokiability and deformability of the subject material. Polymer 
flexibility was found to be proportional to v/ater content and polymer glass 
transition temperature and refiractive index were found to be inversely 
proportional to water content Tberefbre, a delicate balance between water 
content, glass transition temperature and refractive index must be struck in the 
synthesis of the sut)ject unique hydrogel materials to be suitable for use in 
ophthalmic applications. 

The novel hydrogel materials of the present invention are copolymers 
comprising only two principal monomeric components: a high refractive Index 
monomer and a hydrophilic monomer. The unique characteristics of the 
materials of the present invenUon are achieved using a larger amount of the 
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hydrophilic monomer than that of the high refractive index monomer. 
Acxx)rdingly, it is unexpected that the relatively high water content hydrogel 
materials of the present invention would have the high refractive indexes 
achieved since water generally lowers the refractive index thereof. 

Hydrophilic monomers suitable for use in the manufacture of the materials 
of the present invention are represented by Formula I below 

0 

// 

Ri. X ORa 

II 

Fomiula I 

wherein R, is selected from the group consisting of hydrogen and C i^ alkyi such 
as for example but not limited to methyl, ethyl, propyl and butyl but preferably 
methyl for its common availability, and Rj is selected from the group consisting of 
hydrogen, an alkali metal or an alkaline earth metal such as for example but not 
limited to sodium, potassium and magnesium. C m hydroxyalkyt such as for 
example but not limited to hydroxyethyl, hydroxypropyl and hydroxybutyl, C 4.12 
hydroxyalkoxyalkyi such as for example but not limited to hydroxyethoxyethyl. 
hydroxybutoxybutyl and hydroxymethoxypropyl, C 4.12 hydroxydialkoxyalkyi such 
as for example but not limited to hydroxydielhoxyethyl, hydroxydibutoxybutyl and 
hydroxydiethoxypropyl. C a-w alkoxyalkyl such as for example but not limited to 
methoxyethyl and ethoxybutyl, C 3.12 polyalkoxyalkyi such as for example but not 
limited to methoxyethoxyethyl, methoxyethoxybutyl, and ethoxybutoxyethyl, C ms 

8 
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polyalkoxyhydroxyalkyt such as for exampte but not limited to polyethylene 
glycol, polypropylene glycol and polybutylene glycol, and C 2-n dihydroxyalkyJ 
such as for example but not limited to glycerol, dihydroxybutyl and 
dihydroxyhexyl. 

Suitable hydrophilic monomers for use in the present invention indude for 
example but are not limited to 2-hydroxyethyl methacrylate, hydroxyethoxyethyl 
methacrylate, hydroxydiethoxyethyl methacrylale, methoxyethyl methacrylate, 
methoxyethoxyethyl methacrylate, methoxydiethoxyethyl methacrylate, 
poly(ethylene glycol) methacrylate, methoxy-poly(elhytene glycol) methacrylate, 
methacrylicacid, sodium methacrylate, glycerol methacrylate, hydroxypropyl 
methacrylate. and hydroxybutyl methacrylate. 

The preferred hydrophilic monomer is 2-hydroxyethyl methacrylate 
(HEMA) to maximize water content 

High refractive index monomers suitable for use in the manufacture of the 
materials of the present invention are represented by Formulas II through IV 
below, . j| 



II 



c 



0R4 




H 



Formula III, and 
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H H 

\=/ 

/ \ 
R4 H 



Formula iV, 

wherein R3 is selected from the group consisting of hydrogen arxl C ^ alkyi such 
as for example but not limited to methyl, ethyl and propyl iHJt preferably hydrogen 
and methyl for common availability, R4 is selected from the group consisting of C 
v» aryl such as for example but not limited to phenyl and diphenyi. C 6.25 
hydroxyaryl such as for example but not limited to hydroxyphenyt and 
hydroxydiphenyl, C 6.2s aryloxyaryl such as for example but not limited to 
phenoxyphenyl and diphenoxyphenyl, C 12-29 polyhydroxyaryl such as for 
example but not Omited to polyhydroxyphenyl and polyhydroxydiphenyl, C 
polyaryi such as for example but not limited to diphenyi and triphenyi, C 9.1$ 
arylaikyt such as for example but not limited to benzyl. 2-phenylethyl and 3- 
phenylpropyl, C polyarylalkyi such as for example but not limited to 
diphenylmethyl, diphenylethyl, diphenylpropyl and triphenylmethyl, C e-is 
alkoxyaryl such as for example but not limited to 4-methoxybenzyi, 4- 
ethoxybenzyl and 4-butoxybenzyl. C e-is aryl haiides such as for example but not 
limited to pentabromophenyl, pentacWorophenyl and tribromophenyl, C e-is 
arytoxyalkyi such as for example but not limited to 2-phenoxyethyl. 3- 
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phenoxypropyl and 4-phenoxybutyl. C 1.7 alkyi halides such as for example but 
not limited to 2,;HJjbromopropyl, 2,3Kiichloropropyl and 2,3Kfibromobutyl. C 
arylthloalkyi such as for example but not limited to phenylthioethyl, 
phenylthiopropyl and phenylthiobutyl. C 6.1s aryloxyalkyl halides such as for 
example but not limited to 4<hlorophenoxyethyl. 4^)romophenoxyethyl and 3.5. 
dichlofophenoxyethyl and C e-is aryloxyalkoxyalkyi such as for example but not 
limited to 2-phenoxyethoxyethyl and 2-phenoxyethoxybutyl. and Rs is selected 
from the group consisting of hydrogen, C ,^ aikyi such as for example but not 
limited to methyl and propyl, and C e-.s alkylaryl such as for example but not 
limited to methylphenyl, propylphenyland butylphenyl. 

Suitable Wgh refractive index'monomers include for example but are not 
limited to phenyl acrylate. phenyt methacrylate. benzyl acrylate. benzyl 
methacrylate, 2^>henylethyl aoylate, 2-phenylethyl methacrylate, 2-phenoxyethyt 
acrylate, 2i3henoxyethyl methacrylate. phenylthioethyl acrylate, phenylthioethyl 
methacrylate. 2,4,6^fibromophenyl acrylate. 2,4.64n-bromophenyl methacrylate, 
pentabromophenyl acrylate, pentabromophenyl methacrylate. penlachlorophenyl 
acrylate. pentachlorophenyl methacrylate. 2.3^ibronwpropyl acrylate. 2,3- 
dibfomopropyl methacrylate, 2.naphthyl acrylate. 2-naphlhyl methacrylate. 4- 
methoxybenzyl acrylate. 4wnethoxybenzyl methacrylate. 2-benzyloxyethyl 
acrylate. 2-benzyIoxyethyl methacrylate. 4-chlorophenoxyethyl acrylate. 4- 
chlorophenoxyethyl methacrylate. 2-phenoxyethoxyethyl acrylate. 2- 
phenoxyethoxyethyl methacrylate. N-phenyl acrylamide. ti-phenyl 
methacrylamide, £i-benzyl acrylamide. ti-benzylmethacrylamide. ii.£i-dibenzyl 
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acrylamide, itil-<libenzy1 methacrylamlde. W-diphenylmethyl acfylamide, ii^4- 
methylphenyl)methyl acrylamide, -naphthyl acrylamide. fi-4-nitrcphenyl 
acrylamide, f!|-{2-phenylelhyl) acrylamide, N-triphenylmethyl acrylamide, ti-{4- 
hydroxyphenyl) acrylamide, Ii,£i-methylphenyl acrylamide, N,ii-phenyf 
phenylethyl acrylamide, fi-diphenylmethyl methacrylamide, il-<4-methyl 
phenyl)methyl methacrylamlde, U-1-naphthyl methacrylamlde, M-4-nitfophenyl 
methacrylamlde, ii-(2i?henylethyl) methacrylamlde, N-triphenylmethyl 
methacrylamlde, N-{4-hydroxyphenyl) methacrylamide, N,li-methylphenyl 
methacrylamlde. l!i.£t-phenyl phenylethyl methacrylamide. N-vinylcarbazole. 4- 
vinylpyridine. 2-vinylpyridine. styrene, 2-chlorostyrene, 3<hlofostyrene. 4- 
chlorostyrerw. 2-tofomostyrene, 3-bromostyrene, 4-brorrK)styrene, 2,6- 
dlchlorostyrene, 2Hodostyrene, 3-lodostyrene, 4-lodostyrene. 
pentabromostyrene. 4-phenylstyrene, 1-vinylnaphthalene, 2-vinylnaphthalene, 9- 
vinylanthracene and 4-phenoxystyrene. 

Preferred high refractive index monomers for use In the present Invention 
include phenyl methaaylate. benzyl aoylate. benzyl methacrylate, 2-phenylethyl 
acrylate, 2-phenylethyl methacrylate, 2-phenoxyethyl aoylate, 2-phenoxyethyl 
methacrylate, 2,3-dibromopropyt acrylate. ti-benzyl melhaciyla-nlde, U- 
vinylcarbazole. 2-phenylthioethyl acrylate and 2-phenylthioethvl methacrylate to 
achieve the unexpectedly high refractive index hydrogel materials of the present 
invention which are both flexible and biocompatible. 

The materials of the present invention are copolymers comprising a total 
of at least approximately 70 but more preferably approximately 70 to 90 but most 
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preferably approximately 75 percent by weight of the two prindpal components 
described above whereby the hydrophlllc monomer is present in an amount 
greater than that of the high refractive index monomer to maximize water 
content 

Hydrogel compositions of the present invenbon include for example but 
are not limited to poly{2-hydroxyethyl methaoylateia^phenyl aoylate). poly(2. 
hydroxyethyl methaaylate^-phenyl methacrylate), poly(2^ydroxyethyl 
methacrylate-^o4)enzyl acrylate). poly(2-hydroxyelhyl methaaylate^o^hzyl 
methaaylate). poJy(2-hydroxyelhyl methacrylate^2-phenylethyl acrylate). 
poly(2^ydroxyethyl methacrylate^2-phenylethyl methaaylate). poly(2^ 
hydroxyethyl methacrylate^2-pheno;vethyl acrylate). poly(2-hydroxyelhyl 
methacrylate^2-phenoxyethyl methacrylate), poly(2-hydroxyethyl 
methacrylate^H>henylthioethyl acrylate), poly(2-hydroxyethyl methacrylate^ 
phenylthioethyl methacrylate). poly(2-hydroxyethyl methacrylate^2.4.6- 
tribromophenyl acrylate), poly(2^ydroxyethyf melhaaylate^2,4.6. 
tribromophenyl methacrylate). poly(24iydroxyethyl methacrylate^ 
pentabfomophenyl acrylate), poly(2-hydroxyethyl methacrylate-^ 
pentabromophenyl methacrylate). poly(2^ydroxyethyl methacrylate^ 
pentachlorophenyl acrylate), poly(2-hydroxyethyl methacrylate^ 
pentachlorophenyl methacrylate), poly(2-hydroxyethyl methacrylate^2.3- 
dibromopropyl acrylate). poly(24iydroxyethyl methaaylat^2.3Klibromopropyl 
methacrylate). poly(2^yd/oxyethyl methacrylate^2-naphthyl acrylate). poly(2, 
hydroxyethyl methacrylate<o-2-naphthyl methacrylate). poly(2-hydrpxyethyl 
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fnethacfylat»-go-4-<nethoxyben2yl acrylate), poly(2-hydroxyethyl methacrylate- 
S2-4-«Tiethoxybenzyl methaoylate), poly(2-hydroxyethyl methaaylate-^2- 
benzytoxyethyl acrylate), poly(2-hydroxyethyl methacrytate-^-4- 
chlof ophenoxyethyl acrylato), pofy(2-hydroxyethyI methacrylate^2- 
phenoxyethoxyethyl acrylate), poly{2-t»ydroxyethyl melhaaylat»^2- 
benzyioxyethyl methaoylate), poly{2-*iydroxy8lhyl methacrylate-«-4- 
chlorophenoxyethyl methacrylate), poly(2-hydroxyethyl methacfylate-g2-2- 
phenoxyelhoxyethyl methacrylate), poly(2-hydroxyethyl methacrylale-^N- 
plienyl acrylamide), poly(2-hydroxyethyl methacrylate-^NiJhenyl 
methacrylamide), poly(2-hydroxyethyl methacrylate-^o-f^-tjenzyl acrylamide). 
poly(2-hydroxyethyl methacrylate^o^J-benzyl methacrylamide), poly(2- 
hydroxyethyl methacrylate^N,N-dibenzyl acrylamide). poly(2-hydroxyethyl 
nnethacrytate-co-£l.£j-dibenzyi methacrylamide), poly(2-hydroxyethyl 
methacrylate-co-N-diphenylmethyl acrylamide), poly(2-hydroxyethyl 
methacrylate-co^-<4-methyl phenyl)methyl acrylamide), po;y(2-hydroxyethyl 
methacrylate-co^-1-fiaphthyl acrylamide), poly(2-hydrDxyethyl methacrylate-ffl- 
tl-4-fiitrophenyl acrylamide), poly(2-hydroxyethyl methacrylate-w-2-phenylethyl 
acrylamide). poty(2-hydroxyethyl methacrylate-cg-£i-triphertylmethyl acrylamide). 
poly(2.hydroxyethyl methacrylate-s2^-<44iydroxyphenyl) acrylamido), poly(2- 
hydroxyethyl methaaylate-ca-N.il-methyl phenyl acrylamide). poly(2- 
hydroxyethyl methacrylate-sHitl-phenyl phenylethyt acrylamide), poiy(2- 
hydroxyethyl methacrylate-co-h|-dlphenylmethyl methacrylamide), poly(2- 
hydroxyelhyl methacfylate-s2-tl-<4-methyl phenyl)methyl methacrylamide). 
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poly(2-hydroxyethyf methaaylat&^ii.l^phthyl methacryjamide). poM2. ' 
hydroxyethyl methacryJate^£i-4^jtrophenyl methaoylamide), poly(2. 
hydroxyethyl methacrylat&^o-2-phenylethyl methacrylamldd), poly(2- 
hydroxyethyl methaayJate^N^phenylmethyl methaoylamide). poly(2- 
hydroxyethyl methacrylal6^N^4^ydroxyphenyl) methaoyfamide). poly(2- 
hydroxyethyl methacrylate^£i.ii^ethyl phenyl methaoylamide). poly(2. 
hydroxyethyl methaoylale^.i|^rf,enyl phenylethyl methaoylamide). poly(2- 
hydroxyethyl methaoylate^J^-vinylcarbazole). poly(2-hydroxyethyl 
methacrylate-^-vinylpyridine). poly(2-hydroxyelhyl methaoylate^2- 
vinylpyridine). poly(2^ydroxyethyl methaoylate-ffi-styrene). poly(2-hydrDxyelhyl 
methaaylate^2<«orostyrene). poly(2-hydroxyethyl methaoylate^o^ 
chlorostyrene). Poly(2-hydroxyethyl methaoylate-»^lorostyrene). poly(2- 
hydfoxyethylmethaoylate-^2-bromostyrene). poly(2-hydroxyethyl 
methaoylate^^-bromoslyrene). poly(2-hydroxyethyl methaoylate-»-4. 
bfomostyrene). Poly(2-hydroxyethyl methaoylale<2-2.6<lichkxostyrene). poly(2. 
hydroxyethyl methaoylate^2Hodostyrene). poly(2-hydroxyethyl methaoylate- 
oo^odostyrene). poly(2-hydroxyethyl methaoylate-a-Wodostyrerw). poly(2- 
hydroxyethyl methaoylate^s^sentabromostyrene). pbly(2-hydroxyethyl 
methacfylate.«o-4^3henylstyrene). poly(2-hydroxyethyl methaoylate-a-l- 
vinylnaphthalene). poly(2-hydroxyethyl methaoylate-»-2-vjnylr)aphtha(ene). 
poly(2-hydroxyethyl melhaaylat^9.vinylar)thracene). poly(2-hydroxyethyl 
methaoylate-^^enoxystyrene). poly(hydroxyethoxyethyl methaoylate^ 
phenyl methaoylate). poly(hydroxyethoxyethyl methaoylate^^nzyl aoylate). 
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poly(hydroxyethoxyethyl methaoylate-^-benzyl methacfylate), 
poMhydroxyethoxyethyl methacfylate-s2-2-phenylelhyl acryfate), 
poly(hydroxyethoxyethyl methacrylate-C2-2-phenytethyl methacrylate). 
poly(hydroxyethoxyethyl methacrylate-co-2-phenoxyethyl acrylate), 
poly(hydfoxyethoxyethyl methacrylale-s2.2-phenoxyethyl methacfylate). 
poly(hydroxyethoxyethyl methacrylate-co-2,3-dibrofnopfopyl aoylate), 
poly(hydroxyelhoxyethyl methacrylate-<s-ti-benzyl melhaaylamldo), 
poly(hydroxyethoxyethylmethaaylate-^iJ-vinylcart)azole), 
poly(hydroxyethoxyethyl methacrylat©-«.2-phenylthloethyl methacrylate). 
poly(hydroxyethoxyethyl methaaylale-ca-2-phenylthioethyl acrylate), 
poly(hydroxydlethoxyethyl methacrylate-^henyl methacrylate). 
poly(hydroxydiethoxyethyl methacrylate-^^nzyl acrylate). 
poly(hydroxydlethoxyethyl methacrylate-cfi-benzyl methacrylate), 
poly(hydroxydiethoxyethyi m©thacrylate-^2-phenylelhyl acrylate). 
poly(hydroxydiethoxyethyl methacrylate-^2-phenylethyl methacrylate), 
poly(hydroxydiethoxyethyl methacrylate-cs-2-phenoxyethyl acrylate). 
poly(hydroxydiethoxyethyl methacrylate-ca-2-phenoxyethyl methacrylate), 
poly(hydfoxydiethoxyethyl methacrylat©^2,3-dibromopropyl acrylate). 
poly(hydroxydlethoxyethyl methacrylate-c^-fi-benzyl methacryiamlde), 
poly(hydroxydiethoxyethylmethacrylate-a^ii-vlnylcart)azole). 
poly(hydroxydiethoxyethyl methacrylate-£s.2-phenylthloethy( acrylate). 
poly(hydroxydlethoxyethyl methacrylate-cg-phenylthloethyl methacrylate), 
poly(methoxyethyl methacrylate-ooi)henyl methacrylate). poly(methoxyethyl 
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methacrylat^^nzyl acrylate). poly(melhoxyethyl melhacrylate.sH)eazyl 
methacfylate). poly(methoxyethyl methacrylala^2-phenylethy) acrylate). 
polWmelhoxyethyl methacfylate-s^2-phenylethyl methacrylate). 
poly(methoxyelhyl methacrylate-fi2-2-phenoxyethyt aaylate). poly(methoxyethyl 
methacrylate^2^)henoxyethyl methacrylate). poly(methoxyethyl methacryJate- 
c2-2.3KlibromopfopyJ acrylate). poly(methoxyethyl melhacrylate^£|^;)er,2yl 
methacrylamide). poly(fnethoxyethyl methacrylate^N-vinylcarbazole). 

poly(methoxyethyl methacrylate-oo-2-phenylthioethyl acrylate). 

poly(methoxyethyl methacrylate-^2-phenylthioelhyl methacrylate). 

poly(methoxyethoxyethyl methacrylate^henyl methacrylate), 

poWmethoxyethoxyethyl methacrylate-^^)enzyl aaylate). 

poMmethoxyethoxyethyl fnethacrylate^4)en2yl methacrylate). 

poly(methoxyeth6xyethyl methacrylate^2-phenylethyl acrylate^^ 

poly(methoxyethoxyethyl methacrylate-s-2-phenylethyl methacrylate). 

poly(methoxyethoxyethyl melhacrylate^2-pherK)xyethyl aaylate). 

poly(methoxyethoxyethyl methaaylate^2i5henoxyethyl methaoylate). 

poly(methoxyethoxyethyl methaaylate^2.3Klibromopropyl aaylate). 
poly(methoxyethoxyethyl methaoylate^-benzyl methaaylamJde). 
poWmethoxyethoxyethyl methaoylate-avN-vlnylcarbazole). 
poly(methoxyethoxyethyl methaaylate^2-phenylthioethyl aaylate). 
poly(methoxyethoxyethyl methaaylat^2-phenylthioethyl methaaylate). 
poly(methoxydiethoxyethyl methaaylate-sH^henyl methaaylate), 
poly(methoxydlethoxyelhyl methaaylate-^^)en2yl aaylate). 
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polyCmethoxydiethoxyethyi methacrylate-cs-benzyi methacrylate). 
poly(methoxydiethoxyethyt methacryiat»is-2-phenylethyi aoyiate). 
poly(methoxydiethoxyethyl methacfylate-^2-pheny»e!hyl methacrylate), 
poly(fnethoxydiethoxyethyl methaaylate-s2-2-phenoxyethyt acrylate), 
poly(methoxydiethoxyethyl methacrylate-22-2-phenoxyethyl methacrylate), 
poly(methoxydiethoxyethyl metJTacfylate^2,3-dibromopropyt acrylate), 
poly(methoxydlethoxyethyl methacrylate-s^^)en2yf methaoylamlde), 
poly(methoxydiethoxyethylmethacryiate-co-J!j-vinylcart)azo{e), 
poly(methoxydjethoxyethyl methacrylate-s2-2i3henylthioethyl acrylate), 
poly(methoxydiethoxyethyl methacfylate^2-phenylthioethyl methacrylate), 
poly(poly(ethylene glycol) methacrylate-^-phenyl methacrylate), 
poly(poly(ethylene glycol) methacrylate-^^jenzyl acrylate). poly(poly(ethyler)e 
glycol) methacrylate-s9-benzyl methacrylate), poly(poly(ethyiene (^yod) 
methacrylate-co-2-phenylethyl acrylate), poly(poly(ethylene glycol) methacrylate- 
SS-2-phenytethyl methaoyiate), poiy(poly(ethylene glycol) methacrylate-ss-2- 
phenoxyethyl acrylate), poly(poly(ethylene glycol) methaaytate-^2- 
phenoxyethyl methacrylate). poMpoly(ethylene glycol) methacrylate-a-2,3- 
dibromopropyl acrylate). poly(poly(ethylene glycol) methacryiate-s^ti-tenzyi 
methacrylamide). poly(poly(ethytene gtycoO methacrylate-ss-il'Vinylcarbazole), 
poly(poly(ethy]ene glycol) methacrylate-ss-2-phenylthioethyi acrylate), 
poly(poly(ethylene glycol) methacrylate-^2-phenylthloethyl methacrylate). 
poly(methoxyiX)ly(ethylene glycol) methacrylale-^-phenyl methacrylate), 
poly(methoxy-poly(ethylene glycol) methacrylate-^o-benzyl acrylate). 
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poly(m8thoxyi)oly(ethyl8ne Qlycoj) methacfyJat&^-benzyl methacrylate). 
poly(melhoxy-poly(ethylene glycol) methaoyJa'.- j^^-phenylethyl aaylate), 
poly(methoxy-poly(ethylene fllycol) methacfylat&^2-phenylethyl methacrylate). 
poly(melhoxy-poly(ethyleno glycx)!) methacrylate^2-phenoxyethyl acrylate), 
poly(methoxy-poly(emyfene glycol) methacrylate^2-phenoxyethyl 
methaoylate). poly(methoxy-poly(othylone glycol) methacfylate-^2,3- 
dibromopropyl acrylate). poMrpethoxyi)oly(ethylene glycol) methacrylate-^ff- 
beruyl methacfylamlde). poly(methoxy^)oly(ethylene glycol) methacrylate^ij- 
vlnylcarbazole). pdyCmethoxy-polytethilisne glycol) methacfylate^2. 
phenyltWoelhyl acrylate). poly(methoxy^ly(ethyiene glycol) methacfylat©<o-2- 
phenylthioethyl methaoylate). poly(methaciyllc Bci<t^^nyi methaayiate), 
poly(methaayllc ad<J^4)enzyl acrylate). po|y(methaayllc add-a4)en2yl 
methacrylate). poly(methacrylic acicl^2i)henylethyl aoylate). poly(methacrylic 
acid^2-phenylethyl methacrylate), poly(methaaylic acid^2-phenoxyethyl 
aoylate). poly(methacrylicadd-co-2-f3henoxyethyl methacrylate). 
poly(methaoyllc add^2.a<iibromopropyl aoylate). poly(methaoy|ic add-ffi-ij- 
beruyl methacrylamide). poly(methacrylic add-ffi-N-vinylcarbazole). 
poly(methaaylic add«o-2-pheny|thioethyl aoylate). poly(methaoyllc add^2. 
phenylthioethyl methaoylate), poly(sodium methaoylate-a-phenyl 
methaoylate), poly(sodlum methacrylate-^^enzyl aoylate). poly(sodlum 
methaoylate-so^nzyl methaoylate). poly(sodium methaoylate-».2- 
phenylethyl aoylate). poly(sodium methaoylate-02-2-phenylelhyl methaoylate). 
poly(sodium methacfylate-co-2-phenoxyethyl aoylate), poly(sodium 
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m6thacrylato<!^2-phenoxyethy1 methacrylato). poly(sodium melhacfylate-^2,3- 
dibromopropyi acrytate). poiy(sodium methacryiate-a^-fj-benzyl 
methacrylamide), poly(sodlum methacrylate-os-fj-vinylcafbazole), poly(sodium 
fnethacfylate^2-phenylthioethyl acryfate), poly(sodium methacrylate-ott-2- 
phenyltWoethyl melhacrylale), poly(glycerol methacrylale^-phenyl 
methaoylate), poly(glycarol methacrylate-cg-benzyl acrylate). poly(glyc«rol 
methacrylate-ss-benzyt methaoylate), poly(glycerol methacrylate^2- 
phenylethyl acrylate). poly(glyc8rol methacrylate^2-phenylelhyl methacrylate), 
poly(glycerol methacfylate-co-2-phenoxyethyl acryfate), poly(glycerd 
methacrylate-«s-2-phenoxyethyl methaoylate), poly(glycerol methaoylate-ffl- 
2,3-dlbromopropyl acrylate), poly(glycorol methaoylate^ii-benzyl 
methacrylamide), poly(glyc8rol methacrylate-sa-li-vinylcarbazole). poly(glycerol 
methacrylate-s2.2-phenylthioethyl acrylate), poly(glycerol methacrylate^2- 
phenyHhioethyl methaoylate), poly(hydroxypropyl methacrytate-w-phenyl 
methaoylate), poly(hydroxypropyl methacrylate-fig-benzyl acrylate), 
poly(hydroxypropyl methacrylate-a^benzyl methaoylate), poly(hy*oxypropyl 
methacrylate-co-2-phenylethyl acrylate). pcly(hydroxypropyl methacrylate^2- 
phenylethyl methaoylate), poly(hydroxypropyl methacrylate-^2-phenoxyethyl 
acrylate), poly(hydroxypropyl methaoylate-co-2-phenoxyethyl methaoylate), 
poly(hydroxypropyl methaaylate-go-2,3-dil)fomopropyl acrylate). 
poly(hydfoxypropyl methaoylate-fis-N-benzyl methacrylamide), 
poly(hydroxypropyl methaoylate-oo-ii-vinylcarbazole). poly(hydroxypropyl 
methacrylate-co-2-phenyllhioethyl aoylale), poly(hydroxypropyl methaoylate-^ 
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2^)henyJthioethylmethacfylate). poly(hydroxybutyl melhacrylate-^enyf 
methacrylate). poly(hydroxyt>utyl fnethaaylate-aH»nzyl acryfate). 
poly(hydroxybutyl methacrylate-ss^wnzyl methacrylale). poly(hydroxybutyl 
methaaylate^2i)henylethyl acrylate). poly(hydroxybuty( methacfylate^2- 
phenyJethyl methacrylate). poly(hydroxybutyl methacrylate^2i)henoxyethyl 
acrylate). poly(hydroxybutyl methacfylate^2-phenoxyethyl methacfylate). 
poly(hydroxybutyl methacrylate^2.3<fibromopropyl acrylate). 
poly(hydroxybutyl melhacrylate^ii-benzyl methacrylamide). poly(hydroxybutyl 
methacrylate-^fi-vinylcarbazole). poly(hydroxybutyl methacrylate-»-2- 
phenythioethyl acrylate) and poly(hydroxybutyl methacrylate^2-phenylthioethyl 
methacfylate); 

Preferred hydrogel compositions of the present Invention include poly(2- 
hydroxyethyl melhacrylate<o^)henyl methacrylate). poly(2-hydroxyethyl 
methaaylate^4)en2yl acrylate). poly(2-hydroxyethyl methaciylat©^4»nzyl 
methacrylate). poly(2-h/droxyethyl methacrylate^2-phenylethyl acrylate). 
poly(2-hydroxyethyf methacrylate^2-phenylethyl methacrylate). poly(2- 
hydroxyethyl methacrylate^2-phenoxyethyl acrylate). poly(24iydroxyethyl 
methaaylate^2-phenoxyethyl rrothacrylate), poly(2-hydroxyethyl 
methacrylate^ii^)enzyl methacrylamide) and poly(2-hydroxyethyl 
methacrylate^ii-vjnylcartjazole) to achieve the unexpectedly high refi-active 
irxlex hydrogel materials of the present invention which are both flexible and 
biocompatible. 
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The subject hydrogel materiels are synthesized by polymerizing one or 
more of the above-described hydrophific monomers with one or more high 
refractive index monomers, most preferably having phenyl, sulfur or halogen 
moieties, in the presence of at least 0.01 but more preferably 0.01 to 2.0 mole 
percent crosslinker, at least 0.02 but more preferably 0.02 to 2.0 weight percent 
initiator and optionally at least 0.1 but more preferably 0.1 to 2.0 weight percent 
ultraviolet light absort)er. 

Suitable crossllnkers include for example but are not limited to ethylene 
glycol dimethacrylate, diethylene glycol dimethacrylate, triethylene glycol 
dimethacrylate and poly(ethylene glycol) dimethacrylate wherein ethylene glycol 
dimethacrylate is preferred. Suitable initiators include for example but are not 
limited to azobis(isobutyronitrile), 2,2'-azobis(2,4-dimethylvaleronitrile). 2,2'- 
azobls(methylbutyronitrile), 1.1'-a2obi«(cyanocydohexane). dl-t-butyl peroxide, 
dicumyl peroxide, t-butylcumyl peroxide, 2,5^imethy|.2.5-bis(2-ethylhexanoyl 
peroxy)hexane. t-butyl peroxyneodecanote. t-butyl peroxy 2-ethylhexanoate. 
dl(4-t-butyl cydohexyl) peroxydicarbonate. t-butyl penDxypivalate. decanoyi 
peroxide, lauroyi peroxide, benzoyl peroxide, 2.4-pentanedione peroxide. dKn- 
propyl) peroxydicarbonate. t-amyl peroxyneodecanoate and t-butyl peroxyacetate 
wherein 2,2'-a2obis(isobutyronitrile) is preferred. Suitable ultraviolet light 
absorbers include for example but-are not limited to bet»<4-ben2olria2oyl-3- 
hydroxyphenoxy)ethyl acrylate, 4-(2-ecryloxyethoxy)-2-hydroxybenzophenone. 4- 
methacryloxy-2-hydroxybenzophenone, 2-<2'-methaayloxy-5'- 
methylphenyObenzotriazole, 2-(2'-hydroxy-5'-methacryoxyethylphenyl)-2H- 
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benzotriazole, 2-{3'-tert-Butyl-2'-hydroxy-5'-<3'-methacryloyfoxypropyl)phenyl}^ 
chlorobenzotriazole, 2K3Mert-Butyl-6'-(3'-dimothylvinylsilylpropoxy).2- . 
hydroxyphenyl]-5-melhoxyberizotriazole,2-<3?-Ailyf-2'-hydfoxy-5*- 
methylphenyl)benzotria2ole,2-{3'-tert-Buty(-2'^ydroxy-5'- 
(3'methacfyloyk)xypropoxy)phenylJ-5-methoxyben20tria20le, and 2-{3'-tert^uty|. 
2'-hydroxy-^'-<3'-nTemacfyloyloxypropoxy)pheny)}-5<hlorobenzotria2ole^^^^^ 
beta-(4-benzotriazoyl-3-hydroxyphenoxy)ethyl aoyfate is the preferred ultraviolet 
light absorber. 

The subject hydrogel materials having a refractive index of approximately 
1 .45 or greater and approximately 5 to 30 percent water by weight measured by 
an Abbo refractometer at 589 nm and 37 degrees Celsius wHh a sodium light 
source are described in still greater detail in the examples that follow. 

EXAMPLES 

Example 1: Monomers and Purification Thereof 

HEMA of low acid, low inhibitor (LALI) grade was obtained from Benz 
Research and Development, Sarasota. Florida and was used without further 
purificaUon. Phenyl-containing acrylates and methacrylates were obtained and 
purified as indicated below. 
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Monomer 



Sourco 



Purification 



2-phenoxyethyl methacrylate 
(POEMA) 



Sartomer 

West Chester, PA 



None 



2-phenyiethyi methacrylate 
(PEMA) 



Potysdences 
Wanington. PA 



None 



2-phenoxyethyl acryfate 
(POEA) 



Polysdences 
Wamngtqn. PA 



Percolation through 
neutral alumina 



2-phenylethyl acrylate 
(PEA) 



Polysdences 
Warrington, PA 



Percolation through 
t)asic alumina 



Ethylene glycol dimethacrylate (EGDMA, Sartomer, West Chester. PA) 
crosslinker was extracted with aqueous NaOH and distilled from CuCb prior to 
use and azobis(isotxityronitrile) (AIBN) initiator was used as received from 
Polysdences. 

Example 2: Polymer Synthesis 

HEMA and each comoriomer were combined in flasks in the fdlowing 
mole ratios. 



90/10 
85/15 
80/20 
75/25 
70/30 
65/35 
60/40 



Mol HEMA / Mol Comonomer 
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Enough EGDMA crosslinker was added to comprise 0.25 nxsle percent of totaJ 
moles of HEMA and comonomer. The amount of AIBN initiator added to each 
solution was 0.05 to 0.1 weight percent of the total weight of monomers. 

The unfiltered solutions were poured into polypropylene culture tubes (16 
X 125 mm, Fisher Scientific), capped, and placed in a 60 degree Celsius water 
bath for approximately 22 to 26 hours but most preferably 24 hous. Post-cure 
was effected for approximately 22 to 26 hours but most preferably 24 hours in a 
forced-air oven maintained at 120 degrees Celsius. The resultant polymer rods 
were demolded and sliced into 3.0 mm thick disks with a tool-room lathe; Five 
sample disks of each composition were lathed to 2.0 mm thickness with a 
diamond-turning lathe. 



Example 3: Polymer Characterizations 

The initial masses of the disks prepared as described above were 
detennined to 0.0001 g on an analytical balance. The disks were placed into 
scintillation vials with 20 mL of balanced salt solution (BSS) Cytosd, Braintree, 
Massactiusetts. and hydrated in a constant temperature bath maintained at 37 
degrees Celsius, Lauda, Model RM 20, Brinkmann Instniments. Inc.. Westbury. 
New Yorit The masses of the disks were checked periodically by blotting dry 
with a Kmwipe^, Wmberty^larke. Rosweli, Georgia, and weighing to 0.0001 g 
After achieving constant mass, the refractive index of each specimen was 
detennined on an Abbe™ refradometer. Reichert-Jung, Model 10460. Reichert 
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Scientific Instrunents, Buffalo, New York, maintained at 37 degrees Celsius. 
The samples were then dried in a forced-air oven at 120 degrees Celsius (or 
approximately 18 to 30 hours, but more preferably 24 hours and reweighed to 
0.0001 g. 

The equilibrium water content (EWC) for each disic was detemiined using 
the following equation. 

EWC, %= Mass f hvdrated) - Mass ^dehvdrated^ X 100 

Mass (hydrated) 

The average refractive index and standard deviation were calculated tor each 
composition. The Shore D hardness of non-hydrated HEMA/POEA copolymer 
compositions was determined at room temperature with a hand-held durometer. 
The average hardness and standard deviation was detemnined from ten 
measurements of each composition. 

Example 4: Polymer Study Results 

Three of the four groups of polymers had good optical darity. HEMA/PEA 
polymers had a considerable amount of haze, yet the refractive index could be 
determined. HEMA/POEA and HEMA/PEA polymer series were flexible and 
foidable at all formulations studied. Flexibility increased slightly with increasing 
water content HEMA/POEMA and HEMA/PEMA polymers were flexible and 
foidable only in the cases of the highest water-containing compositions. 
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All specimens were machined at room temperature. Harder specimens, 
i.e., those with the highest HEMA content, weie most easily lathe^uL The Shore 
D hardness of the HEMA/POEA series of polymers demonstrated that xerogel 
hardness decreased with inaeasing levels of POEA as set fbrth in Table 1 
below. Both HEMA/melhacrylate polymer series remained hard with increasing 
methacryiate content 



Equilibrium water content and refractive index results are presented in 
Tables 2 and 3 below. For a given mass of HEMA and comonomer, the 
methacryiate morwmers imparted highor hydrated refractive indexes than did the 
acrylate monomers. The order of refractive index-enhandng effectiveness of the 
phenyl morwmer was as follows. 



TABLE 1. Shore D Hardness of HEMA/POEA 
Xerogel Compositions 



HEMA/POEA 



Shore D Hardness std. Dev. 



90/10 
85/15 
80/20 
75/25 
70/30 
65/35 
60/40 



84 +/. 2 
83 +/. 1 
83 ♦/- 2 
81 +/. 1 
78 +/- 2 
76 +/. 2 
74 +/. 2 



PEMA > POEMA > PEA > POEA 
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The refractive index of each composition was more dependent upon water 
content than phenyl-containing comonomer. However, per given mass of HEMA 
and comonomer. the acrylic compositions contained more water than the 
methaoylate compositions. Accordingly, hydrogels with refractive indexes above 
1.5 are obtainatile by copolymerizing HEMA with phenyl<ontaining acrylic 
monomers. 
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TmBLE 2. Equitlbrium Water Content (EWC) Results 
For HEMA Copolymers 



COMONOMER 

„ , ^ ^, ESIM EM £QEA SE& 

Mole Ratio 

HEMA/comonomer EWC,% EWC, % EWC,% EWC, % 

(mol/fpol) -t-Astddev. ♦Astddev. -fZ-std dev -fZ-stddav 

90/10 22.42+/-.01 22.75+/-.04 24.43+/-.05 24.79+A.01 

85/15 18.21+/-.02 18.51+/-.03 20.67+/-.04 21.08+/..03 

80 / 20 15.11+/-.03 15.42+/-. 15 17.70+/-.02 18.04+/-.02 

75 / 25 12.74+/-.07 12.80+/..09 15.19+/..08 15.55+/..02 

70 / 30 10.90+/-.21 10.63+/-.10 13.21+/..03 13.30+/-.03 

65 / 35 9.53+/-. 19 9.05+/-.20 11.45+/-,04 11.45+/-.03 

60 / 40 8.39+/..08 7.58+/-.04 9.97+/..06 9.73+/-.02 
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TAt»LE 2. Equilibrium Water Content (EWC) Results 
For HEMA Copolymers 
CONTINUED 



COMONOMER 



Smoh'"""^'"^'^ EWC,% EWC.% EWC, % EWC. % EWC, % 



95/5 



85/15 
80/20 



30.0 29.1 28.8 28.8 31.5 



90/10 22.5 24.9 23.0 23.1 



27.8 



19.8 21.0 18.7 18.4 23.8 

17.7 18.2 15.3 15.3 22.2 

75/25 15.4 15.4 12.7 12.8 19.5 

70/30 13.8 13.3 10.5 11.0 ND 

65/35 11.3 ND ND ND ND 

60/40 10.1 ND ND ND ND 



DBPA = 2,3-dibromopropyl acrylate 

BA s benzyl acrylate 

BMA = benzyl methacrylate 

PMA s phenyl methacrylate 

BMAAM = bonzyjmethyl acrylamide 
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TABLE 3. Refractive Index (Rl) Results 
For HEMA Copolymers 



Mole Ratio 
HEMA/comonomer 



COMONOMER 
EOm Em POEA 
W Rl Rl 



(mol/mol) 


■*-/• std. dev. 


■►/.std.dev 4/.itfrt dev. std dev 


90/10 


1.4732 


1.4727 


1.4676 


1.4671 




+/-.0003 


+/-.0003 


♦/-.0003 


+/-.0001 


85/15 


1.4847 


1.4844 


1.4771 


1.4770 




+/-.0002 


♦/-.0001 


+/-.0002 


+/-.0004 


80/20 


1.4940 


1.4941 


1.4853 


1.4853 




+/-.0001 


+/-.0003 


♦/-.0002 


+/..0001 


75/25 


1.5021 


1.5019 


1.4927 


1.4923 




+/..0004 


+/-.0004 


♦/-.C003 


+/-.0002 


70/30 


1.5094 


1.5094 


1.4990 


1.4991 




+/..0009 


♦/-.0006 


+/-.0002 


+/-.0001 


65/35 


1.5152 


1.5151 


1.5049 


1.5050 




+/-.0010 


+/-.0002 


+/..0001 


+/-.0001 


60/40 


1.5204 


1.5206 


1.5104 


1.5107 




+/..0002 


+/-.0002 


+/-.0002 


+/-.0003 
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TABLE 3. Refractive Index (RJ) Results 
For HEMA Copolymers 
CONTINUED 



Mole Ratio 
HEMA/comonomer 

fmol/mon 



COMONOMER 
DBPA BA BM^ PMA. BMAAM 

Rl Rl Rl Ri Rl 



95/5 



1.4594 1.4582 1.4593 1.4594 1.4526 



90/10 



1.4694 



1.4685 1.4741 1.4737 1.4625 



85/15 
80/20 
75/25 
70/30 



1.4760 1.4785 1.4858 1.4870 1.4727 



1.4813 1.4862 1.4954 1.4971 1.4801 



1.4856 1.4945 1.5041 1.5072 1.4891 



1.4933 1.5020 1.5119 1.5125 ND 
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lOLs manufactured using the hydrpgel materials of the present invention can be 
of any design capable of being rolled or folded Into a small cross section that can 
fit through a relatively small incision, i.e., 4.0 mm or less. For example, lOLs can 
be of a one-piece or multipiece design, and comprise optic and haptic portions. 
The optic portion is that portion which senses as the lens and the haptic portions 
are attached to the optic portion to hold the optic portion in proper alignment 
within an eye. The haptic portions may be integrally fonned with the optic 
portion in a one-piece design or attached by staking, adhesives or other methods 
known to those skilled in the art in a multipiece design. 

The subject lOLs may be manufactured to have the optic portion and the 
haptic portfons made of the same or different materials. Preferably, in 
accordance with the present inventton, the optic portion and the haptic portions 
are made of the same high^efiractive index hydrogel material. However, the 
optic portion and the haptic portions may also be manufactured from different 
compositions and/a different fomnulations of the same composition as described 
in detail In U.S. Patent Numbers 5. 217,491 and 5.326.506. each incorporated 
herein in their entirety by reference. Once the particular hydrogel composition is 
selected, the material is cast in the form of rods and lathed into disks. These 
disks are then machined into lOLs. The lOLs are then cleaned, polished, 
packaged and sterilized by customary methods known to those skilled in the art. 



33 



wo 00/34804 



PCT/US99/26678 



In addition to lOLs. the materials of the present invention are also suitable 
for use as other ophthalmic devices such as contact lenses, keratoprostheses. 
capsular bag extension rings, corneal inlays, corneal rings or like devices. 

lOLs manufactured using the unic«ue materials of the present inventk>n are 
used as customary in the fiekJ of ophthalmology. In a surgical procedure, an 
Incision is placed in the cornea cf an eye. most commonly the natural lens of the 
eye is removed and the lOL manufactured from materials of the present inventfon 
is inserted into the posterior chamber er lens capsule of the eye prksr to closing 
the irxasion. 

While there is shown and described herein certain specific structures and 
compositions of the present invention, it vvill be manifest to those skilled In the art 
that various modifications may be made without departing from the spirit and 
scope of the underiying inventive concept and that the same is not limited to 
particular structures herein shown and described except insofar as indicated by 
the scope of the appended daims. 
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I Claim: 

1. A hydrogel composition comprising: 
a high refractive index monomer; 

a hydrophilic monomer present In said composition in an amount greater than 
that of said high refractive index morwmer; 
a crosslinker, and 
an initiator; 

whereby said hydrogel composition has a water content of approximately 5 to 
30 percent by weight and a refractive index of approximately 1.45 or greater. 

2. The hydrogel composition of daim 1 wherein said composition includes ah 
ultraviolet light absorbing material. 

3. The hydrogel composition of daim 1 wherein said composition indudes an 
ultraviolet light absorbing material selected from the group consisting of beta- 
(44>en20tria2oyt-34iydroxyphenoxy)ethyl acrylate. 4^2-«ayloxyethoxy>-2- 
hydroxybenzophenone, 4-methacryfoxy-2-hydroxyt)enzophenone, 2-<2*- 
methacryloxy-6'^ethyIphenyl)benzotriazde. 2-<2'-hydroxy-6*- 
methacfyoxyethylphenyl)-2H-benzotriazole. 2-{3'-tert-Butyt-2'-hydroxy.5'-{3'- 
methacyloyloxypropyl)phenyl}-5-chloroben20triazole, 2-<3Mert-Butyk5X3- 
dimethylvinylsilylpropoxy)-2'-hydroxyphenyl]-5^thoxybenzotria2ole, 2-(3'- 
Allyf-Z-t^ydroxy-S'-meihylphenyljbenzotriazole. 2-{3-tert-eutyl-2'-hydroxy-5*- 
(3'-methacfyloyloxypropoxy)phenyll-5-methoxyben2otriazole and 2-{3'-tert- 
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Butyl-2'-hydroxy-5'-(3'-methaoyloyloxypropo)(y)pheny(I-5- 
chiorobenzotriazole. 



4. The hydrogel composition of daim 1 wherein said composition Includes beta- 
(4-benzotria20)4-3-hydroxypheno)cy)-ethyJ aoylate as an ultraviolet light 
absorbing material. 

5. The hydrogel composition of claim 1 wherein said initiator is selected from the 
group consisting of a20bls(lsobutyronitriIe), 2,2'-azobls(2,4- 
dimethylvaleronitrile), 2,2'-a20bjs(methylbutyronitrile). 1,1'- 
a2obis(cyanocyclohexane), dl-t-butyl peroxide, dicumyl peroxide, t4>utylcumyl 
peroxide, 2,5-dimethyl-2,5-bls(2-ethyfhexancylpefoxy)hexane, t- 
butylperoxyneodecanote, t-butyl peroxy 2-ethylhexanoate. di(4-t-butyl 
cyclohexyl) peroxydicartxsnate, t-butyl peroxypivalate. decanoyi peroxide, 
lauroyi peroxide, benzoyl peroxide, 2.4-pentanedione peroxide, dl(n- 
propyOperoxydicarbonate, t-amyl peroxyneodecanoate and t-butyl 
peroxyacetate. 

6. The hydrogel composition of daim 1 wherein said initiator is 
azobls(isobutyroniirile). 

7. The composition of daim 1 wherein said crosslinker is seleded from the 
group consisting of ethylene glycol dimethacrylate, diethylene glycol 
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dimethacryitfte, triethylene glycol dimethacrylate and polytethytene glycoi) 
dimethacrylate. 



8. The composition of dajm 1 wherein said crosslinker is ethylene glycol 
dimethacrylate. 



9. The composition of daim 1 wherein said hydrophilio monomer is a 
monomer represented by the formula 



O 

// 

II 




wherein Ri is selected from the group consisting of hydrogen and C i^e alkyi and 
R2 is selected from the group consisting of hydrogen, an alkali metal, an alkaline 
earth metal, C m hydroxyalkyt. C 4.12 hydroxyalkoxyalkyi, C 4.12 
hydroxydialkoxyalkyt, C 2.12 alkoxyalkyl, C 3.12 potyalkoxyalkyi. C 3.1s 
polyalkoxyhydroxyalkyt and C 2-12 dihydroxyalkyi. 

10. The composition of daim 1 wherein said hydrophilic monomer is selected 
from the group consisting of 2-hydroxyethyl methacryiate, 
hydroxyethoxyethyl methacryiate, hydroxydiethoxyethyl methacrytate, 
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methoxyethyl methacrylate, methoxyethoxyethyl methacryiate, 
methoxydiethoxyethyl methacfyfate. poly(9thyleno glycol) methacrylate, 
methoxy-poly(ethytene glycol) methacrylate. methacrylic actd, sodium 
methacrylate, glycerol methacrylate. hydroxypropyl methacrylate. and 
hydroxybutyi methacrylate. 

1 1 . The composition of claim 1 wherein said hydrophilic monomer is 2- 
hydroxyethyl methacrylate. 

12. The composition of daim 1 wherein said high refractive index monomer is a 
monomer represented by one of the formulas 

R,, OR, "'^^^C 



c- 



H"^ H . H 

H .H 

\ 



/ 



C = C 
/ \ 
R4 H 

wherein R3 is selected from the group consisting of hydrogen a\(S C 14 alkyi, R4 
is selected from the group consisting of C 6-29 aryl. C ^2s hydroxyaryl, C s.2s 
aryloxyaryl, C 12.25 polyhydroxyaryl, C i2«polyaryl, C e.i$ arylalkyi, C 12^5 
polyarylalkyl. . C ws alkoxyaryl, C e-is aryl halides, C ms aryloxyalkyl. C 1.7 alkyI 
halides. C e.i$ arylthioajkyt, C e-is aryloxyalkyl halides and C ^.is 
aryloxyalkoxyalkyi, and Rs is selected from the group consisting of hydrogen, 
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C 14 alkyi and u «.i9 alkylaryt. 

13. The composition of daim 1 wherein said high refractive index monomer is 
selected from the group consisting of phenyl aaylate. phenyl methacrylate. 
benzyl acrylate, benzyl methacrylate, 2-phenylethyl acryfate, 2-phenylethyl 
methacfylate, 2-phenoxyethyl aaylate, 2-phenoxyethyl methaoylate, 
phenylthioelhyl acrylate, phenylthioethyl methaaylate, 2,4.6-tribromophenyl 
acrylate. 2.4,6-lribromophenyl methacrylate. penlabromophenyl acrylate, 
pentabromophenyl methaaylate, pentachlorophenyl aaylate, 
pentachlorophenyl methaaylate, 2,3-dibromopropyl aaylate, 2,^ 
dibromopropyl methaaylate, 2-naphthyl aaylate. 2-naphthyl methaaylate. 4- 
methoxybenzyl aaylate, 4-methoxybenzyl methaaylate, 2-benzyloxyethyl 
aaylate, 2-benzyloxyethyl methaaylate, 4<«orophenoxyethyl acrylate, 4- 
chlorophenoxyethyl methacrylate. 2-phenoxyethoxyethyl aaylate, 2- 
phenoxyethoxyethyl methacrylate. H-phenyl acrylamide, il^)henyl 
methaoylamide. M-benzyl acrylamide. iJ-benzyl methaoylamide, ti,ii- 
dibenzyl acrylamide. N,ii-dibenzyl methacrylamide. N-diphenylmethyl 
acrylamide. ii-<4^nethylphenyl)fnethyl acrylamide. M-1-naphthyl acrylamide, 
N-4^itfophenyl acrylamide. N-(2-phenylethyl) acrylamide. ti-triphenylmethyl 
acrylamide, ii-(4-hydroxyphenyl) acrylamide, fi.!l-fliethylphenyl acrylamide. 
aii-phenyl phenylethyl acrylamide, ii-diphenylmethyl methaoylamide, N-<4- 
methyl phenyl)methyl methaoylamide, fi-1-naphthyl methaoylamide. N-4. 
nilrophenyl methaoylamide, il-(2-phenylethyl) methaoylamide, 
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triphenj^meinyf methacrylamide, iH4-hydroxypheny)) melhacfylamide, N,iJ. 
methylphenyf methacrylamide, tl.i£-phenyf phenylethyi methacfylamide, H- 
vinylcarbazole, 4-vlnylpyridlne, 2-vinyIpyridlne, styrene, 2-chlofostyrene, 3- 
chlorostyrene, 4-Ghlorostyrene, 2-bronK>styrene, 3-bromostyrene, 4- 
bfomostyrene, 2,6-dichlorostyrene, 2H0dostyrene, 3-iodostyrene, 4- 
iodostyrene, pentabromostyrene, 4-phenylsfyrene, 1-vinylnaphthalene, 2- 
vinylnaphthalene, 9-vtfiyJanthracene and 4-phenoxystyrene. 

14. The composition of daim 1 wherein said high refractive index monomer and 
said hydrophilic monomer comprise at least atxxjt 70 percent by weight of said 
composition. 

1 5. The composition of claim 1 wherein said high refractive index monomer and 
said hydrophilic monomer comprise approximately 75 percent by weight of 
said composition. 

16. A composition poly(2-hydroxyethyi methaoylate-co^jhenyl methaoylate). 

1 7. A composition poly(2-hydroxyethyl methacrytate-so-benzyt acrylate). 

18. A composition poly(2-hydroxyethyl methacrylate-»-benzyl methacrylate). 

19. A composition poly(2-hydroxyethyl methacrylate-co-2-phenylethyl acrylate). 
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20. A composition poly(2-hydroxyethyl methacrylate-a-2-phenylethyl 
methacrytate). 

21. A composition poly(2-hydroxyethyl methaaylate-co-2-phenoxyethyl 
acrylate). 

22. A composition poly(24iydroxyethyj methacfylale-02-2-phenoxyelhyl 
methacrylate). 

23. A composition poly(2-+iydroxyethyl methaaylate-»^.b^ 
methacryiamide). 

24. A composition poly(24iydroxyethyl methacrylate-^N-vinylcafbazole). 

25. A medical device manufactured from a composition comprising: 
a high refractive \ndex morwmer; 

a hydrophillc monomer present in said composition in an amount greater than 
that of said high refractive index monomer, 
a crossiinker aryj 
an initiator; 

whereby said hydrogel composition has a water content of approximately 5 to 
30 percent by weight and a refractive index of approximately 1.45 or greater. 
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26. The medical device of daim 25 wherein said composition includes an 
ultraviolet light absorting material. 

27. The medical device of daim 25 wherein said composition indudes an 
ultraviolet light absorbing material selected from the group consisting of beta- 
(4-benzotriazoyi^ydroxyphenoxy)ethyt acrytate, 4-<2-aoyloxyethoxy}-2- 
hydroxybenzophenon©, 4-methacryloxy-2-hydroxybenzophenone, 2-{2'- 
methacryloxy-5'-methylphenyl)benzotria20le, 2-<2'-hydroxy-6'- 
methaayoxyethylphenyl)-2H-benzotria20le, 2-{3'-tert-Butyl-2'-hydroxy-5'-<3'. 
methacyloyloxypropyl)phenylJ-5-chlorQbenzotria2ole, 2-<3'4ert-Butyl-5'-<3- 
dimethyMnylsilylpropoxy)-2'-t)ydrQxyphenyl]-5-methoxybenzotriazole. 2-(3'- 
Allyt-2'-hydroxy-5'-methyiphenyObenzotriazde. 2-{3'-tert-Butyl-2'-hydroxy-5'. 
(3'-methaayloyloxypropoxy)phenyl)-5-methoxybenzotria2de and 2-{3'.tert- 
Butyt-2'-hydroxy-5'-<3'-methacryloyloxypropoxy)phenyl}-5- 
chlorobenzotriazole. 

28. The medical device of daim 25 wherein said composition indudes beta-<4- 
benzotriazoyl-S^iydroxyphenoxyj-ethyl acrylate as an ultraviolet light 
absorbing material. 

29. The medical device of daim 25 wherein said initiator is seleded from the 
group consisting of azobis(isobutyronitrile). 2,2'-azobis(2,4* 
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dimethylvaiwonitrile), 2.2'-a20bis(fnelhylbutyronitrile), 1,r- 

azobis(cyanocyck>hexane), dM-butyl peroxito, aicumyl peroxide, t-butyJcumyt 

peroxide, 2,5-dimethyi-2,6^is(2-ethylhexanoylperoxy)hexane, t- 

butylperoxyneodecanote, t-butyl peroxy 2-ethylhexanoate, di(4-t-butyl 

cydohexyl) peroxydicarbonate, t-butyl peroxypivalate, decanoyi peroxide, 

lawoyi peroxide, beruoyl peroxide, 2,4-pentanedione peroxide, di(n- 

propyl)peroxydlcarbonate, t-amyl peroxyneodecanoate and t-butyt 
peroxyacetate. 

30. The medical device of claim 25 wtierein said initiator is 
azobis(isobutyronitrile). 

31 . The medical device of daim 25 wherein said crosslinker is selected from the 
group consisting of ethylene glycol dimethacrylate, diethylene glycol 
dimethacryiate, triethylenei glycol dimethacrylate and poly(^yiene glycol) 
dimethacrylate. 

32. The medical device of daim 25 wherein said crosslinker is ethylene glycol 
dimethacrylate. 

33. The medical device of daim 25 wherein said hydrophilic monomer is a 
monomer represented by the formula 
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wherein Ri is selected from the group consisting of hydrogen and C 14 alkyi, and 
R2 is selected from the group consisting of hydrogen, an alkali metal, an alkaline 
earth metal, C 1^ hydroxyalkyi, C 4.12 hydroxyalkoxyalkyf, C 4.^ 
hydroxydialkoxyalkyi, C m2 alkoxyalkyi, C 9.12 polyalkoxyalkyi, C ws 
polyalkoxyhydroxyalkyi and C 2.12 dihydroxyalkyl. 

34. The medical device of daim 25 wherein said hydrophltic monomer is 
selected from the group conslsfing of 2-hydroxyethyl methacrylate, 
hydroxyethoxyethyl methacrylate, hydroxydiethoxyethyl methacrylate, 
methoxyethyl methacrylate. methoxyethoxyethyl methacrylate. 
methoxydiethoxyethyl methacrylate, poly(ethylene glycol) methacrylate, 
methoxyi}oly(ethylene glycol) methacrylate, methacrytwactd, sodium 
methacrylate, glycerol methacrylate, hydroxypropyi methacrylate, and 
hydroxytxjtyt methacrylate. 

35. The medical device of daim 25 wherein said hydrophilic monomer is 2- 
hydroxyethyl methacrylate. 
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36. The medical device of daim 25 wherein said high refractive irniex monomer, 
is a morx}mer represented by one of the formulas 

0 0 R- 

II II / 

1\ II ^ 

H H 

/ \ 

R4 H 

wherein R3 is selected from the group consisting of hydrogen and C m alkyi, R4 
is selected from the group consisting of C 6-25 aoi. C $-25 hydroxyaryl, C 6.25 
aryloxyaryl. C !^25 polyhydroxyaryl, C 12-35 polyaryl, C ms arylalkyl. C i2« 
polyarylalkyi, . C a-is alkoxyaryl, C e-15 aryl halides, C a-is aryioxyalkyi, C 1.7 alkyi 
halides, C e-is arylthioalkyi, C a-is aryioxyalkyi halides and C e-is 
aryk>xyalkoxyalkyi, and Rs is selected from the group consisting of hydrogen, 
C 1^ alkyI and C a-is alkylaryt. 



37. The medical device of claim 25 wherein said high refractive index monomer 
is selected from the group consisting of phenyl acrylate, phenyl methacrylate, 
benzyl acrylate, benzyl methacrylate, 2-phenylethyl acrylate, 2-phenyiethyl 
methaoylate, 2-phenoxyethyl acrylate, 2-phenoxyethyl methacryiate, 
phenyithioethyl acrylate, phenylthioethyi methacryiate, 2.4,6-tribromophenyl 
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aoylate. 2.4,6-i(ibromophenyt methacrylata. pentabromophenyl acrylata, 
pentabromophenyl methacrylata. pentachlorophenyi acrylata, pentachlorophenyt 
methacfylate, 2.3-<Jibronxjpropyl acrytate, 2,3^ibroaxDpfopyl mathacrylate, 2- 
naphthyi acryiate, 2-naphthyt mathacrylate, 4-methoxyi)6nzyi acrylate, 4- 
methoxyt>enzyi mathacrylate. 2-benzylo)cyethyl acrylate, 2-benzyloxyethyl 
methacrylata, 4-chlofophenoxyethyl acrylate, 4-chlorophenoxyethyl methacrylata, 
2-phenoxyethoxyethyl acrylate. 2-phenoxyethoxyethyl methacrylate, M-phenyl 
acfylamide, N-phenyl methacrylamide, ii-benzyl acrylamlde, N-beruyl 
methacrylamide, fcl,N-dibenzyl acrylamide, N.J;i-diben2yl methacrylamide, H- 
diphenylmethyl acrylamide. N-(4-methylphenyl)melhyl acrylamlde, N-1-fiaphthyl 
acrylamlde, N-4-nitfophenyl acrylamide, tl-(2-phenylethyl) acrylamlde. £i- 
triphenylmethyl acrylamide. JbI-{4-hydroxyphenyl) acrylamide, ii.i4-<nethylphenyl 
acrylamide, EH-phenyl phenylethyl acrylamide, ii-diphenylmethyl 
methacrylamide. ii-<4-methyl phenyl)methyl methacrylamide. £i-1-naphthyl 
methacrylamide. ti-4-nitrophenyl methacrylamide. Ii-(2-phenytethyi) 
methacrylamide, fi-triphenylmethyl methacrylamide, H-<4-hydroxyphenyl) 
methacrylamide, Jfci,N-methylphenyl methacrylamide. i!j,l£-phenyl phenylethyl 
methacrylamide, ti-vinylcarbazole, 4-vinylpyridine, 2-vinylpyTidine, styrerw, 2- 
chlcrostyrer^e, 3-chlofostyrene, 4-chlofostyref>e, 2-lyomostyrene, 3- 
bromostyrene, 4-bromostyrene, 2,&^ichlorostyrene. 2-iodostyrene, 3- 
iodostyrene, 4-jodostyrene, pentabromostyrene, 4-pher)ylstyrene. 1- 
vinylnaphthalene, 2-vinylnaphthalene, 9-vinylanthracene and 4-phenoxystyrene. 
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38. The medical device of daim 25 wherein said high refractive index monomer 
and said hydrophiiic monomer comprise at least atMut 70 percent by weight of 
said composition. 

39. The medical device of claim 25 wherein said high refractive index monomer 
and said hydrophiiic monomer comprise approximately 75 percent by weight 
of said compositioa 

40. The medical device of daim 25 wherein said hydropWIic monomer is 2- 
hydroxyethyl methacrylate and said high refractive index monomer is phenyl 
methacrylate. 

41. The medical device of daim 25 wherein said hydrophiiic monomer is 2- 
hydroxyethyl methacrylate and said high refractive index monomer is benzyl 
acrylate. 

42. The medical device of daim 25 wherein said hydrophiiic monomer is 2- 
hydroxyethyl methacrylate and said high refractive index monomer is benzyl 
methacrylate. 

43. The medical device of daim 25 wherein said hydrophiiic monomer is 2- 
hydroxyethyl methacrylate and said high refractive index monomer is 2- 
phenylethyl acrylate. 
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44. The medical device of daim 25 wherein said hydrophilic monomer is 2- 
hydroxyethyi methacrylate and said high refractive index monomer is 2* 
phenytethyl methacrylate. 



45. The medical device of claim 25 wherein said hydrophilic monomer is 2* 
hydroxyethyi methacrylate and said high refractive index monomer is 2- 
phenoxyethyl acryiate. 



46. The medical device of daim 25 wherein said hydrophilic monomer is 2- 
hydroxyethyi methacrylate and said high refractive index monomer is 2- 
phenoxyethyl methacrylate. 



47. The medical device of daim 25 wherein said hydrophilic monomer is 2- 
hydroxyethyl methacrylate and said high refractive index monomer is N* 
benzyl methacrylamide. 



48. The medical device of daim 25 wherein said hydrophiPic morx)mer is 2- 
hydroxyethyi methacrylate and said high refractive index munomer is N- 
vinylcarbazoie. 



49. An intraocular lens, manufadured from a composition comprising: 
a high refradlve index monomer 
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a hydrophilic monomer present in said composition in an amount greater than 
that of said high refractive index monomer; 
a aossiinker and 
an initiator 

whereby said hydrogel composition has a water content of approximately 5 to 
30 percent by weight and a refractive index of approximately 145 or greater. 

50. The intraocular lens of claim 49 wherein said composition includes an 
ultraviolet light absorbir)g material. 

51 . The intraocular lens of daim 49 wherein said composition includes an 
ultraviolet light 8bsort>ing material selected from the group consisting of beta- 
(4-benzotriazoyt-3-hydroxyphenoxy)ethy1 acrylate, 4^2-acfytoxyethoxy)-2- 
hydroxybenzopherK>ne, 4-fnethacryloxy-2-hydroxyben2ophenone, 2-<2'- 
methacrytoxy-5'-fnethylphenyi)benzotriazoie, 2-<2'-hydroxy-5'* 
methacfyoxyethylphenyl)-2H-benzotria2ble, 2-I3'-tert-Butyl-2'-hydroxy-5'-(3'- 
methacyloyloxypropyl)phenyl}*5-chlorobenzothazole, 2-{3'-tert-Butyt-5'-(3* 
dimethyMny1silyfpropoxy)-2'-hydroxyphenyl]-5-methoxybenzoW 2-{3- 
Allyl-2'-hydroxy-5'-inethylphenyl)benzolriazole. 2-(3*-tert-Butyl-2'-hydroxy^'- 
(3'-methacryloyloxypropGxy)phenyll-S-methoxybenzotriazole and 2-{3'-tert- 
Buty!-2--hydroxy-5'-<3'-methacryloyloxypropoxy)phenyI}-5- 
chlorobenzotriazole. 
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52. The Intraowrar lens of claim 49 wherein said composition includes beta-{4- 
benzotrja2oyl-3^ydroxyphenoxy)-ethyl acrytate as an ultraviolet light 
at)sorbino material. 



53. The intraocular lens of claim 49 wherein said initiator is selected from the 
group consisting of azobis(isobutyronitrile). 2.2'-azobis(2,4- 
dimethylvaleronitrile), 2.2'-azobls(methylbutyronitrile), 1,1'- 
a20bis<cyanocyclohexane). di-t-butyl peroxide, dicumyl peroxide, t-butylcumyl 
peroxide, 2,5-dimethyl-2,5-bis(2-elhylhexanoylperoxy)hexane, t- 
iHJtylperoxyneodecanote, t-butyl peroxy 2-«thylhexanoate, di(4-t-t)uty< 
cyclohexyl) pefoxydjcart)onato, t-butyl peroxypivalate, decanoyt peroxide, 
lauroyi peroxide, benzoyl peroxide, 2,4-pentanedione peroxide, di(n- 
propyl)peroxydicart>onate. t-amyl peroxyneodecanoate and t-butyl 
peroxyacetate. 



54. The intraocular lens of claim 49 wherein said otiata is 
azobis(isobutyronitriltt). 



55. The intraocular lens of claim 49 wherein said crosslinker is selected from the 
group consisting of ethylene glycol dimethacrylate, diethytene glycol 
dimethacrylate. triethylene glycol dimethacrylate and poly(ethylene glycol) 
dimethacrylate. 
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56. The intraocdar lens of claim 49 wherein said crosslinkef is ethylene glycol 
dimethacrylate. 

57. The Intraocular lens of claim 49 wherein said hydrophijic monomer is a 
monomer represented by the fomiula 

0 

// 




wherein Ri is selected from the group consisting of hydrogen and C i^ alkyi, and 
Rj is selected from the group consisting of hydrogen, an alkali metal, an alkaline 
earth metal, C 14 hydroxyalkyi, C 4-12 hydroxyalkoxyalkyl. C 4.12 
hydroxydialkoxyalkyi, C m2 alkoxyalkyi, C 3.12 polyalkoxyalkyl. C 3.15 
polyalkoxyhydroxyalkyl and C 2-^2 dihydroxyalkyl. 

58. The intraocular lens of claim 49 wherein said hydrophilic monomer is 
selected from the group consisting of 2-hydroxyethyl methacrylate. 
hydroxyethoxyethyl methacrylate, hydroxydiethoxyethyl methacrylate, 
methoxyethyi methacrylate, methoxyethoxyethyl methaoylate, 
methoxydiethoxyethyl methacrylate, poly(ethylene glycol) methacrylate, 
methoxy-poly(ethylene glycol) methacrylate. methacrylk: add, sodium 
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methacrylate, glycerol methaoylate, hydroxypropyl methaaylate, and 
hydroxybutyl methacrylate. 

59. The intraocular lens of claim 49 wherein said hydrophilic monomer is 2- 
hydroxyethyl methacrylate. 

60. The intraocular lens of claim 49 wherein said high refractive index monomer 

is a monomer represented by one of the formulas 
O 

II c \. . 

^c = c 

/ \ 

wherein R$i» selected from the group consisBng of hydrogen «idCi^alkyl. 
is selected from the group consisting of C 6.25 aryl, C e-as hydroxyaryl, C a-as 
aryloxyaryl. C 12.25 polyhydroxyaryl. C i246polyaiyl. C 6.19 arylalkyl, C i2« 
polyarylalkyl. . C e-is alkoxyaryl, C 9.15 aryl halides, C e-is aryloxyalkyl. C 1.7 alkyt 
halides, C e-is arylthioalkyl, C us aryloxyalkyl halides and C e-is 
aryloxyalkoxyalkyi, and R5 is selected from the group consisting of hydrogen, 
C 1.3 alky! and C e-is alkylaryl. 



li 

C. 
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61 . The intraocular lens of ciaim 49 wherein said high refractive index 
monomer is selected from the group consisting of phenyl acrylate. phenyl 
methacrylate, benzyl acrylate, benzy\ methacrylate, 2-phenylethyl acrylate, 2- 
phenylethyl methacrylate, 2-phenoxyethyl aoylale, 2-phenoxyethyl methacrylate, 
phenylthioethyl acrylate, phenytthioethyl methacrylate, 2,4.6-tribromophenyl 
acrylate, 2.4.6-tribromophenyi methacrylate, pentalwomophenyl acrylate, 
pentabromophenyl methacrylate, pentachlorophenyl acrylate, pentachlorophenyl 
methacrylate, 2,3-dibromopropyl acrylate, 2.3-dibromopropyl methacrylate, 2- 
naphthyl acrylate, 2-naphthyl methacrylate, 4-methoxybenzyl acrylate, 4- 
methoxybenzyl methacrylate, 2-t)en2yloxyethyl acrylate, 2-benzyloxyethyl 
methaaylate, 4-chlorophenoxyethyl acrylate, 4<hlorophenoxyethyl methacrylate, 
2-phenoxyethoxyethyl acrylate, 2-phencxyethoxyethyl methacrylate, N-phenyl 
acrylamide, £i-phenyl methacrylamide, il-tjenzyl acrylamide, fj-benzyl 
methacrylamide, £i,tiKJibenzyl acrylamide, ii,M-diben2yl methacrylamide, U- 
diphenylmethyl acrylamide, ii-<4-methylphenyl)melhyl acrylamide, M-l-flaphthyl 
acrylamide, il-4-nltrophenyl acrylamide. li-<2-phenylethyl) acr;.amlde, U- 
triphenylmethyl acrylamide. M-(4-hydroxyphenyl) acfylamide, EN-methylphenyl 
acrylamide. itJil-phenyl phenylethyl acrylamide. M-dlphenylm6;nyl 
methacrylamide, |!|-<4^nethyl pheny()methyl methacrylamide. M-1-naphthyl 
methacrylamide. fiI-4-nitrophenyl methacrylamide. £i-(2-phenylethyl) 
methacrylamide, hj-triphenylmethyl methacrylamide, ii-(4-hydroxyphenyl) 
methacrylamide, N,N-methylphenyl methacrylamide, N,N:-phenyl phenylethyl 
methacrylamide, N-vinylcart)azole. 4-vlnylpyridine, 2-vinylpyridine, styrene, 2- 
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chlorostyrene. 3^lofostyrene. 4-chlorostyreno, 2-t»fomostyrene, 3- 
bromostyrene, 4-bromostyrene, 2,eKJichlorostyrene, 2-jocJostyren©, 3- 
iodostyreno, 4-iodostyrene, pentabromostyrene, 4-phenylstyrene, 1- 

vinylnaphthalene, 2-vinylnaphthalene, 9-vinylanyirac©ne and 4-phenoxystyreno. 

62. The Intraoculaf lens of claim 49 wherein said Wgh refractive Index monomer 
and said hydrophilic monomer comprise at least about 70 percent by weiflht 
of said composition. 

63. The Intraocular lens of claim 49 wherein said high refractive Index monomer 
and said hydrophilic monomer comprise approximately 75 percent by weight 
of composition. 

64. The intraocular lens of daim 49 wherein said hydrophlfic monomer is 2- 
hydroxyethyl methacrylate and said high refractive Index monomer Is phenyl 
methacrylate. 

65. The Intraocular lens of daim 49 wherein said hydrophliic monomer is 2- 
hydroxyethyl methacrylate and said high refractive index monomer is benzyl 
acrylate. 
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66. The intraocular lens of claim 49 wherein said hydrophific monomer is 2- 
hydroxyethyl methaaylate and said high refractive index monomer is benzyl 
methacrylate. 

67. The intraocular lens of daim 49 wherein said hydrophilic monomer is 2- 
hydroxyethyl methacrylate and said high refractive index monomer is 2- 
phenylethyi aoyiate. 

68. The intraocular lens of claim 49 wherein said hydropNIic monomer is 2- 
hydroxyethyl methacrylate and said high refractive index monomer is 2- 
phenylethyl methacrylate. 

69. The intraocular lens of daim 49 wherein said hy*ophilic monomer is 2- 
hydroxyethyl methacrylate and said Wgh refractive index monomer is 2- 
phenoxyethyl acrylate. 

70. The infraocular lens of claim 49 wherein said hydrophilic monomer is 2- 
hydroxyethyl methacrylate and said high refractive index monomer is 2- 
phenoxyethyt methacrylate. 

71. The Intraocular lens of daim 49 wherein said hydrophilic monomer is 2- 
hydroxyethyl methacrylate and said high refractive index monomer Is U- 
benzyl methacrylamide. 
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72. The intraocular lens of daim 49 wherein said hydrophiiic monomer is 2- 
hydroxyethyl methacrylate and said high refractive index monomer is {j- 
vinylcartazoie. 

73. A method of maidng a hydrogel composition comprising: 
polymerizing polymerization materials which include a high refractive index 
monomer, a hydrophiiic monomer present in an amount greater than that of 
said high refractive index morwmer, an initiator and a crosslinker; 
whereby said hydrogel composition has a water content of approximately 5 to 
30 percent by weight and a refractive index of approximately 1 .45 or greater. 

74. TTie method of daim 73 wherein said polymerization materials indude an 
ultraviolet light absorbing material. 

75. The method of daim 73 wfierein said polymerization materials indude an 
ultraviolet light absorbing material seleded from the group consisting of beta- 
(4-benzotriazoyl-3-hydroxyphonoxy)ethyl acrylate, 4-(2-acfyloxyethoxy)-2- 
hydroxybenzophenone, 4-methacryloxy-2-hydroxybenzophenone, 2-(2'- 

methacfyloxy-5'-methylphenyl)benzotriazole,2-(2'-hydroxy-5*- 

melhacryoxyethylphenyl)-2H-benzotriazole,2-{3'-tert-Butyl-2-hydroxy-5'-<3'- 
methacyloyloxypropyl)phenylJ-5-chlorobenzotriazole, 2-<3'-tert-Butyf-6'-(3. 

dimethylvinylsilylpropoxy)-2'-hydroxyphenyO-5-methoxyben20triazole, 2-(3'- 
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Allyt-2'4)ydraxy-5'-fnethylphenyl)ben20triazole, 2-{3Mert-Butyt-2'-hydroxy-5'- 
(3'-methacryloyk>xypropoxy}phenyl}-5-m6thox and liZ^Aeii- 

Birtyl-2'-hydroxy-^X3*-nTethacfyfoyloxypropoxy)phenyf^ 
chlorobenzotriazole. 

76. The method of daim 73 wherein said polymerization materials indude beta- 
(4-benzotriazoyi-3-hydroxyphenoxy)-ethyi acrylate as an ultraviolet light 
absorbing material. 

77. The method of daim 73 wherein said initiator is seieded from the group 
consisting of a20bis(isobutyronitrile), 2,2'-a2obis<2,4-dimethylvalerof>itrile), 
2,2'-azot>is(methylbutyronitrile), 1,1'-azGbis(cyarKx:ydohexane), di-t-butyf 
peroxide, dicumyl peroxide, t-butylcumyi peroxide, 2,5-dimethyl-2,5-bis(2- 
ethylhexanoyiperoxy)hexane, t-butyiperoxyneodecanote, t*butyi peroxy 2- 
ethyihexanoate, di(4-t-butyi cydohexyl) peroxydicarbonate, t-ixityi 
peroxypivalate, decai)oyi peroxide, lauroyl peroxide, benzoyl peroxide, 2,4- 
pentanedione peroxide. di(n-propyl)peroxydicarbonate, t-amyi 
peroxyr>eodecanoate and t<butyi peroxyacetate. 

78. The method of daim 73 wherein said initiator is azobis(isobutyronitrile). 
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79. The method of dalm 73 wherein seid crossHnker is selected from ihe group 
consisting of ethylene glycol dimethacrylate, diethylene glycol dimefhacrytate. 
triethylene glycol dimethacrylate and poly(ethytene glycoO dimethacrylate. 

80. The method of daim 73 wherein said crosslinker is ethylene glycol 
dimethacrylate. 

81 . The method of daim 73 wherein said hydrophllic monomer is a monomer 
represented by the formula 

0 

II 

Ri^ ORa 

II 

wherein R, is selected firom the group consisting of hydrogen and C i^ alkyi and 
Rj is selected from the group consisting of hydrogen, an alkali metal, an alkaline 
earth metal, C m hydroxyalkyl. C 4.12 hydroxyalkoxyalkyl, C 4.12 
hydroxydialkoxyalkyi, C m2 alkoxyalkyl. C 3.12 polyalkoxyalkyl. C ,.,5 
polyalkoxyhydroxyalkyi, and C m2 dihydroxyalkyl. 

82. The method of daim 73 wherein said hydrophilic monomer is seleded from 
the group consisting of 2-hydroxyethyl methaciylate, hydroxyethoxyethyl 
methacrylate, hydroxydiethoxyethyl methaoylate, methoxyelhyl methacrylate. 
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methoxyethoxyethyl mothacrylate, metty>wHiAthoxyethyl methacrylate, 
poly(ethylene glycol) methacrylate. niethoxy-poly(ethylene glycol) 
methacrylate, methacrylic add. sodium methacrylate. glycerol methacrylate. 
hydroxypropyl methacrylate, and h^iroxybutyl methacrylate. 

83. The method of daim 73 wherein said hydrophilic monomer is 2-t)ydroxyethyl 
methacrylate. 

84. The method of daim 73 wherein said high refractive index monomer is a 
monomer represented by one of the fomiulas 



C 

W 



0 

II 
c 



0 

II 



N 



H 



wherein Rs is selected from the group consisting of hydrogen and Cm alkyi. R4 
is seieded from the group consisting of C »« aryl. C 6-2S hydroxyaryt, C 6« 
aryloxyaryl, C 12.25 polyhydroxyaryl, C 1^a5polyaryl. C e-ts arylallcyl. C 



59 



wo 00/34804 



PCT/US99/26678 



polyarylalkyi, , C 6.15 alkoxyaryl, C 9.1$ aryl halides, C t-w aryloxyalkyl. C 1.7 alkyt 
halides, C «.i5 arylthioaikyi, C 9.1$ aryloxyalkyi halides and C e-ts 
arytoxyalkoxyalkyi, and Rs is selected from the group consisting of hydrogen, 
C aikyi and C s-is alkylaryl. 

85. The method of daim 73 wherein said high refractive index monomer is 
selected from the group consisting of phenyl aoytato. phenyl melhacrylate, 
Ijenzyl acryfate, l>enzyl methaoylate, 2-phenylethyl aoylate. 2-phenylethyJ 
methaoylate, 2-phenoxyethyl aoylate. 2-phenoxyethyl melhacrylate, 
phenylthioethyl acrylate, phenylthioethyl methaoyfate, 2,4,6-tribromophenyl 
acnrJate. 2,4.6-tril)romophenyt methacrylate, pentabromophenyi acrylate. 
pentabromophenyl methacrylate, pentachlorophenyl acrylate, pentacWorophenyl 
methaoylate, 2.3-<Jibromopropyl acrylate, 2,3-diljfDmopropyl methaoylate, 2- 
naphthyl aoylate, 2<naphthyl methaoylate, 4-methoxyt)enzyl aoylate, 4- 
methoxyt)en2yl methaoylate, 2-ben2yloxyethyl acrylate, 2-ben2ytoxyethyl 
methaoylate, 4-chlorophenoxyethyl aoylate, 4-chlorophenoxyethyl methacrylate, 
2^>henoxyethoxyethyl aoylate, 2-phenoxyethoxyethyl methacrylate. i4^)henyl 
acrylamide, M-phenyl methaoylamkle, £l-benzyl aoylamide. M-toenzyl 
methaoylamide, iijsi-diljenzyl acrylamide, tl,ii-dit>enzyl methacrylamide, ti- 
diphenylmethyl acrylamide, t!-<4-methylphenyl)methyl aoylamide, ii-1-fiaphthyl 
acrylamide, £l-4-nitrophenyl acrylamide, £l-(2-phenylethyl) acrylamide, H- 
triphenylmethyl acrylamide, i!|-(4-hydroxyphenyl) aoylamide, EM-methylphenyl 
acrylamide, N, N-phenyl phenylethyl acrylamide, N-diphenylmethyl 
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methacrylamide, ll-(4-methyi phenyi)methyi methacrylaniide, £i-1-naphthyl 
methacrylamide. ii«4-nitropheny1 methacrylamide, £i-<2-ph6nyte(hyt) 
methacryJamide, iJ-triphenylmethyl methacrylamide, li-(4-hydroxyphenyl) 
methacrylamide, £i«£l-^^ylpl^'^ methacrylamide, £l<£j!-pheny< piienylethyl 
methacrylamide, il-vinylcart>azole, 4-vinylpyridine, 2-vinyipyridine. styrene, 2- 
chlorostyrene, 3-chlocpstyrenei 4-chlofostyrene, 2-bromostyrene, 3- 
bfomostyrene, 4-4xomostyrene, 2,&<lichlorostyrene, 2-kxlo$tyrene, 3- 
iodostyrene. 4Hodostyrene, pentabromostyrene, 4'phenyi$tyrene, 1* 
vinyinaphthalene, 2-vinyinaphthalene, 9-vinylanthracer>6 and 4-phenoxystyrene. 

86. The rnethod of daim 73 \A^ereiri said high refractive tf^ 

said hydrophilic morx>mer comprise at least atxxjt 70 percent by weight of 
said composition. 

87. The method of daim 73 wherein said high refractive index monomer and 
said hydrophilic monomer comprise approximately 75 percent by weight of 
said composition. 

88. A method of making an intraocular lens from a hydrpgei composition 
comprising: 

lathing a hydrogel composition, polymerized from polymerization materials 
induding a high refractive index monomer, a hydrophilic monomer present in 
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an amount greater than that of said high refractive index monomer, an initiator 
and a oosslinJter. into the fonn of an intraocular lens; 
whereby said intraocular lens has a water content of approximately 5 to 30 
percent by weight and a refractive index of approximately 1.45 or greater. 

89. The method of daim 88 wherein said polymerization materials indude an 
ultraviolet light absorbing material. 

90. The method of daim 88 wherein said polymerization materials indude an 
ultraviolet light absoriwng material selected from the group consisting of beta- 
(4-benzotriazoyl-3-hydroxyphenoxy)ethyl aoytate, 4-(2-acryloxyethoxy)-2- 
hydroxybenzophenone. 4-methacryloxy-2-hydroxybenzophenone, 2-<2'- 
methacryloxy-5'-flfiethylphenyl)benzotriazole, 2-(2'-hydroxy-5'- 

methacryoxyethylphenyi)-2H-benzotriazole. 2-{3'-teft-Butyt-2'-hydrQxy-5'-<3'- 
methacyloyloxypropyl)phenyl}-5-chlaobenzotriazole, 2-(3*-tfirt-Butyl-5'-<3- 

dimethyivinylsilylpropo)Qr)-2'-hydroxyphenyi)-&^th(»(ybenzotriazole. 2-(3 - 
Allyl-2'4»ydroxy-^'Hi)ethylphenyl)benzotriazole.2^3^eft-«utyl-2'-hydroxy^^^ 
(3*wnethacn^yloxypfopoxy)phenyl}.5-methoxybenzotriazole and2-{3*-tert- 
Butyl-2'-hydroxy-5'-<3'-methacryloyloxypropoxy)phenyl}5- 
chlorober\zotriazoie. 
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91. The methoQ of daim 88 wherein said polymerization materials indude beta- 
(4-benzotriazoyf-3^ydroxyphenoxy)-ethyt aoylate as an ultraviolet light 
absorbing material. 

92. The method of daim 88 wherein said initiator is seleded from the group 
consisting of azobis(isobutyronitrile), 2,2'-azobl$(2,4Mjimethylvaleronitrile), 
2,2'-azobis(methylbutyronitrile). 1,r.a20bis(cyanocydohexane), dl-t-butyl 
peroxide, dicumyl peroxide, t-butylcumyl peroxide, 2,5-(fimethyl-2,5-bis(2- 
ethyihexanoyiperoxy)hexane. t-butyiperoxyneodecanote, t-butyl peroxy 2- 
ethylhexanoate, di(4-t-butyl cydchexyl) peroxydlcarbonate, t-butyl 
peroxypivalate. decsnoyt peroxide, lauroyi peroxide, benzoyl peroxide, 2,4- 
pentanedione peroxide, di(n-propyi)peroxydlcart)onate, t-amyl 
peroxyneodecarxjate and t-butyl peroxyacetate. 

)3.The method of daim 88 wherein said initiator is azobisOsdbutyronitrile) . 

>4.The method of daim 88 wherein said aosslinker is selected from the group 
consisting of ethylene glyool dimethacrylate. diethylene glycol dimethacryiate. 
triethylene glycol dimethacrylate and po(y(ethy)ene glyooQ dimethacrylate. 

5. The method of daim 88 wherein said crosslinker is ethylene glycol 
dimethacrylate. 
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96. The method of daim 88 wherein said hydrophllic monofner is a monomer 
represented by the formula 



wherein Ri is selected from the group consisting of hydrogen and C aikyt and 
R2 is selected from the group consisting of hydrogen, an alkali metal, an alkaline 
earth metal, C 14 hydroxyalkyl. C 4.12 hydroxyalkoxyalkyt, C 4.12 
hydroxydialkoxyalkyl. C 3.12 alkoxyalkyi, C 9.12 polyalkoxyalkyi, C 9.1s 
polyalkoxyhydroxyalkyl. and C 2-12 dihydroxyalkyl. 

97. The method of daim 88 wherein said hydropNIicmorwmer is selected from 
the group consistino of 2-hydroxyethyi methacrylate, hydroxyetho^ethyl 
methacrytate, hydroxydiethoxyethyt methactylate, methoxyethyl methacrylate. 
methoxyetho}^ethyt methacrylate, metho;^ethoxyethyl methacrylate, 
poly(ethytene glycol) methacrylate, methoxy-poly(6thy1ene glycol) 
methacrylate, methacryllc acid, sodium methaoytate. glycerol methacrylate. 
hydroxypropyl methacrylate, and hydroxybutyl methacrylate. 

98. The method of daim 88 wherein said hydrophllic monomer is 2-hydroxyethyl 
methacrylate. 




0 

II 

c 



0R2 



H 



H 
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99. TTW method of daim 88 wherein said high reffadive Index monomer Is a 
monomer represented l)y one of the fonnulas 

Rj. OR4 N 



C ^ 



^C = C 

/ \ 
R4 H 

wherein R3 is selected from the group consisting of hydrogen and C m alkyl. R4 
is selected from the group consisting of C e.25 aiyl. C 6« hydroxyaryl, C 
arytoxyaryt, C 12.2s polyhydroxyaryl. C i2J5polyaryl, C e.19 aiylalkyl. C 12^3$ 
polyaylalkyl. . C 6.18 alkoxyaryl. C 6.1s aryl halldes, C $.1$ aiytoxyalkyl. C 1.7 alkyl 
halides. C 6.15 arylthioalkyl. C $.15 aryloxyalkyi halides and C e.is 
aryloxyalkoxyalkyi, and Rs is selected from the group consisting of hydrogen. 
C M alkyl and C e.t$ alkylaryl. 

100. The method of dalm 88 wherein said high leftactive Index monomer is 
selected from the group consisting of phenyl acrylate, phenyl methacrylate. 
benzyl acrylate, benzyl methacrylate, 2-phenylethyl aerylate, 2-phenylethyl 
methacrylate, 2-phenoxyethyl acrylate. 2-phenoxyethyl methacrylate, 
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phenylthioethyl aaylate, phenyKhioethyf melhacrylate, 2,4,6^ribfo^10phenyl 
acrytete. 2,4,6-tribromophenyl melhacrylate, pentabromophenyl aoytate, 
pentabnsmophenyl methacrylate, pentachlorophenyi acryfate. pentachlorophenyf 
methacrylate, 2,3K«broniopfopyl aaylate. 2.3-djbfomopfopyl methacrylate, 2- 
naphthyl acrylate, 2-flaphthyt methacrylate, 4^nethoxyt)enzyl aaylate, 4- 
methoxybenzyl methacrylate, 2-ben2yloxyethyl acrylate, 2-benzyioxyethyl 
methacrylate, 4-chlofophenoxyethyl acrylate, 4<hlorophenoxyethyf methacrylate, 
2-phenoxyethoxyethyl acrylate. 2i3henoxyethoxyethyl methacrylate. N-phenyl 
acrylamide, IJ-phenyl methacrylamide. H-benzyl acrylamide. N-tjenzyl 
methacrylamide, tLN-dibenzyl acrylamide. Eii-dlbenzyl methacrylamide, 
dlphenylmethyl acrylamide. il-<4-methylphenyl)methyl acrylamide. Ji-l-naphthyl 
acrylamide. 14-4-nitrophenyl acrylamide, ti-(2i)henylethyl) acrylamide. ft 
triphenylmethyl acrylamide, il-<44)ydroxyphenyl) acrylamide, ItU-methylphenyl 
acrylamide. liil-pheoyi phenytethyl acrylamide, £i-diphenylmethyl 
methacrylamide, i^-<4^nethyl phefiyl)methyl methacrylanide. if-1-naphthyl 
methacrylamide, il-4-nltrophenyl methacrylamide. M-(2-pher>ytethyl) 
methacrylamide, tf-triphenylmethyl methacrylamide, fl-(4-hydroxyphenyl) 
methacrylamide, liti-methylphenyl methacrylamide. MJf-pherryl phenytethyl 
methacrylamide, il-vinylcartazole. 4-vinylpyridlne, 2-vjnylpyridine, styrene, 2- 
chlorostyrene, 3-cttofostyrene, 4-chlorostyrer>e, 2-bromostyrene, 3- 
txonxjstyrerie, 4-bromostyrer», 2,6-dichJorostyrene, 2-iodostyrene, 3- 
iodostyrene. 4H0dostyrene, perrtabromostyrene, 4-phenylstyrene, 1- 
vinylnaphthalene, 2-vinylnaphthalene, 9-vinylanthraoene and 4i)henoxystyrene. 
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101. The method of daim 88 wherein said hign refiracfive index monomer and 
said hydrophilio monomer comprise at least about 70 percent by weight of 
said composition. 

102. The method of daim 88 wherein said high refractive index monomer and 
said hydrophilio monomer comprise approximately 75 percent by weight of 
said composition. 

1 03. A method of using an intraocular lens manufactured from a hydrogel 
composition polymerized from polymerization materials induding a high 
refractive index monomer, a hydrophiHc morxxner present iri an amount 
greater than that cf said high refractive index monomer, an initiator arxj a 
crossiinker, having a water content of approximately 5 to 30 percent by 
weight and a refractive index of approximately 1.45 or greater, comprising: 

pladng said intraocular lens within an eye through an indsion in the 
connea of an eye. 

1 04. The method of daim 1 03 wherein said poiymerization materials indude an 
ultraviolet light absorbing material. 

1 05. The method of daim 1 03 wherein said polymerization materials indude an 
ultraviolet light absorbing material seleded from the group consisting of 
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beta^4.toeraoWa20j^ydroxypheno)cy)ethyl acrylato. ^2- 
acryloxyethoxy).2^ydroxyben2ophenone. 4-mothacrytoxy-2- 
hydroxjrbenzophenone. 2-<2'wnethacfyloxy^'Hnethylphenyl)ben2otriazoJe, 2- 
(2'^ydroxy-5*-n»thacnraxyethylphenyf>2H-ben201ria2olo. 2-{3'-tert^utyJ.2'- 
hydroxy^X3'Hiiethacyloyloxypropyl)phenyl}.5<Siloroben20tt^ 2^3*- 
tert-Butyl-5H3KJimethylvlnylsilylpropoxy)-2'-hydroxyp^ 
methoxybenzotriazole. 2K3•^ly^2•-hy<lroxy-5•^nelhylphenyl)ben^otri^ 
2^3^tert-Butyl-2'4iydroxy-5Xy-fnethaayloyloxyprDpoxy)phen^^^ 
melhoxybenzotriazolo and 2-{3'-tert-ButyJ-2'-hydroxy-5'-<3*. 

methacfyloyloxypfopoxy)phenyl)-5<hlorobenzotria20le. 

B. TTw method of daim 103 wherein said polymerization materials include 
l)ela-(44)ena)tria2oyK^hydfoxyphenoxyHthyl aoytate as an ultraviolet light 
absort}ing material. 

The method of daim 103 wherein said initiator is selected from the group 
consisting of azobisOsobutyronitrile), 2,2'.«zo6ls(2.4<limethylvaleronitrile). 
2,2*-azobis(methy1lxjtyronitrile). 1.V-azobls(cyanocydohexane). dW-butyt 
peroxide, dicumyl peroxide, t-butylcumyl peroxide, 2,5Klimethy^2,5^)i8(2- 
ethylhexanoylperoxy)hexane. t-butyiperoxyneodecanote. t-butyl peroxy2- 
ethylhexanoate. dl(4.t-butyl cydohexyl) peroxydicafbonate, t-butyl 
peroxypivalate, decanoyi peroxide, lauroyi peroxide, benzoyl peroxide, 2,4- 
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pentanedione peroxide, di(n-propyl)peroxydicai1x)nate, t-amyi 
peroxyneodecanoate and t-toutyi peroxyacetate. 

1 08. The method of daim 1 03 wherein said initiator is azobis(isobutyronitrile). 

1 09. The method of daim 1 03 wherein said aosslinker is selected from the 
group consi5b'r)g of ethylene glycol dimethacrylate, diethyiene glycol 
dimethacrylate, triethylene glycol dimethacryiate and poly(ethylene glycol) 
dimethacryiate. 

110. The method of daim 103 wherein said aosslinker is ethylene glycol 
dimethacryiate. 

111. The method of daim 1 03 wtierein sakJ hydrophilic monomer is a 
morx>mer represented by the formula 

0 

II 




wtierein Ri is selected from the group consisting of hydrogen and C alkyt and 
R2 is selected from the group consisting of hydrogen, an alkali metal, an alkaline 
earth metal, C 14 hydroxyalkyi, C 4.12 hydroxyalkoxyalkyl. C 4.12 
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hydfoxydlalkoxyalkyi, C a.,, alkoxyalkyt. C wj polyalkoxyalkyt. C ^.is 
polyaltoxyhydroxyalkyf, and C dihydroxyaikyf. 



112. The method of daim1 03 wtweln said hydrophfficfiwno^ 
from the group consisting of 2-hydroxyethyl methacrylate, 
hydroxyethoxyethyl methacrylate. hydroxydiethoxyethy! methacrylate. 
methoxyethyl methacrytate. methoxyethoxyethyt methaoylate, 
methoxydiethoxyethyl methacrylate. poly(ethylene glycol) methacrylate, 
melhoxy^ly(ethylene glycol) methacrylate. methacrylic add, sodium 
methacrylate. glycerol methacrylate. hydroxypropyl methacrylate. and 
hydroxytxjtyl methacrylate. 

1 13. The method of daim 103 wherein said hydrophllic monomer is 2- 
hydroxyethyl methacrylate. 

114. The rnethod of daim 103 wherein said high refractive index rnpnomer^^ 
a monomer represented t)y one of the formulas 




or 



C = C 

/ \ 

R4 
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\*hereln Rj is selected from the group oonslstir>7 -f hydrogen and Cm alky!. R4 

Is selected from the group consisting of C MS aryi, C M hydroxyaryl, C 
aryioxyaryl. C 12.0 polyhydrox/aryl. C i2«polyaryi, C e.i« arylalkyt. C im6 
polyarylalkyi, . C e-is alkoxyaryl. C s-is aryl haJides, C e-is aryloxyalkyi, C 1.7 alkyi 
halides. C e.is aryithioaikyf. C 8.1s aryloxyalkyf halidas and C s-is 
arytoxyaikoxyalkyt, and R0 is selected from the group consisting of hydrogen, 
C M alkyI and C e-ts alkylaryl. 

1 15. The method of daim 103 ¥^rein sakj high refractive index monomer is 
selected from the group consisting of phenyl aoylate. phenyl methacrytate. 
t)enzyl aoylate, t)enzyl methacrytate, 2-phenyiethyt acrylate, 2'phenylethyr 
methacrylate, 2<phenoxyethyl acrylate,^ 2-phenoxyethyl methaoyiate, 
phenylthioelhyl acrylate, phenylthioethyl methacrylate, 2,4,6-trllxomophenyl 
aoylate. 2,4.6-tril)romophenyl meUiacrylate, pentabromophenyi aoylate. 
pentatxomophenyt methacrytate, pentachk)rophenyi acrylate, pentachkirophenyl 
methacrylate, 2.3-dibrorT)opropy1 acrylate, 2,3-daxomopropyl methacrytate, 2- 
naphthyl acrylate, 2-naphthyl methacrylate. 4^thoxybenzyl acrylate. 4- 
methoxyt)enzyl mettiacrylate. 2-tenzyk>xyethyl aoylate. 2-benzyloxyethyl 
methacrylate. 4-chlorophenoxyethyl acrylate. 4^lorophenoxyethyl mettiacrylate, 
2-phenoxyethoxyettiyl acrylate, 2-phenoxyettx)xyettTyl mettiacrylate. ^i^)henyl 
acrylamide, tl-phenyl mettwcrylamWe, U-toen2yl aoylamide, ii-benzyl 
methacrylamlde, N.hlTdibenzyl acrylamide. ii,ii-dibenzyl mettiacrylamide, iJ- 
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diphenytmethy .oytainkJe, ij-<4-(neUiyfphenyt)n)ethyl acryw. . .ide. -naphthyl 
acryiamlde. li'4-nitrophenyl acrytamide, £K2-phenyt6(hyi) acryiamida. ji- 
WphenyJmethy) acryJamide, J!i-(4-hydroxyphenyO acryiamida, il,ii-n)ethylphenyl 
acrytamida, tUj-phenyl phenylethyl acryiamida, £i-diphanyimathyi 
methacrylamida, £I-(4-methyi phanyl)mettiyl methacrytamida, fj-1-<wphthyl 
methacrylamide, tj-4-nitrophenyi methacryiamida, tlK^-phanytethyl) 
maihacrylamida, £J-tr{phenyimathyl mathaoyiamida, tK^-f^droxyphariyl) 
methacrylamide, ti.ii-methylphenyl methacrylamide, iHJ£-phenyl phenylethyl 
methacrylamide, £l-vinylcait>azoie, 4-vlnylpyridirw. 2-vinylpyrkfine, styrene, 2- 
chlorostyrene. 3-chtorostyrene, 4<hk)rostyrene. 2-t)ronfx>styrene. 3- 
bromostyrene, 4-bromostyrene. 2.&<iichlorostyrene, 2-iodostyrene, 3- 
lodostyrene. 4-jodostyrene. pentabromostyrene, 4-phenyistyrene, 1- 
vinylnaphthalene, 2-vk)y)naphthalena, 9-vinytanlhraoena and 4-phenaxy8tyrena. 

116. The inethodcldaim 103 wherein said high r^radiveirxiaxniK)rK>niar 
and said hydrophilic morxNner comprise at least about 70 percent by weight 
of said composition. 

1 17. The method of daim 103 wherein said high refractive index monomer 
and said hydropNIic monomer comprise approximately 75 percent by weight 
of said composition. 
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